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TH E defign of the fdllowing 
Treatife is, to prefeiit to the 
public a compfehenfive view of the 
prefeht ftate of Eledricity, reduced 
iiito as fniall a compafs as the nature 
©f the fcience would admit. It .is 
divided into four partSj in each of 
which are contained fuch particulars^ 
as had lefs connection with the reft ; 
and the diftinift view of which, it 
was thought, might be a means of 
preventing a confufion of ideas in thb 
ininds of thofe readers, who before 
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vi PREFACE. 

Iiave not been much converfant with 
the fubje<9:. 

The firft part treats of the laws 
of Eledricity only; /. e. of fuch 
natural laws concerning Eledricity, 
as by innumerable experiments, have 
been found uniformly true, and are 
independent on any hypothefis. In 
this part, the Author has not de~ 
fcended to any particulars, which were 
not clearly afcertained, or which were 
inconfiderable ; but he has, at the 
fame time, taken care not to omit 
any thing material, or which feemed 
to promife future difcoveries. 

The fecond part is merely hypo- 
thetical ; relating not to fads, but 
to opinions. The great improbabi- 
lity of moft of theie hypothefes de- 
termined t^e Author to render this 

4 part 
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^arJt 6f his work as fhort as pojQi- 
ble. 

The third part Contains the prac- 
tical branch of Eledricity, Here 
the Author has taken care to infert a 
idfifcription of all the new improve- 
doients in the apparatus 5 which fervc 
to leflen the expence of it, and at 
the fame time, to facilitate the per- 
formance of the experiments. As 
to the experiments themfelves, he has 
chiefly infilled on a few principal 
ones, which feemed moft neceflary 
to illuftrate, and conflrm the laws of 
Eledricity •, omitting a great num- 
ber of others, which he has met 
with, as they appeared to be only 
variations of the former. He has 
however given an account of fome 
others, which, though not abfo- 
it A 4 lutely 
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lutely neceffary, feemed very deferv- 
ing of notice. 

The fourth and laft part contains 
a brief account of the principal ex- 
periments, which have been made 
hy the Author himfclf, in purfuance 
of what occurred to him in the 
courfe of his ftudies in this branch 
of philofophy. In this part he has 
omitted to mention, not only thofe 
attempts, which did not produce 
any confiderable efFe<S, but alfo the 
innumerable conjedlures he formed 
about them and others, not yet 
brought to the teft of rfftual obferva- 
tion. 

..The Author takes this opportunity 
of acknowledging the obligations he 
is linder to feveral of his ingenious 
, " • ' 2 friends^ 
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friends, for various experiments, and 
remarks, communicated by them ; 
ahd particulariy to Mr. William 
Henly, who has done as much as 
laid in his power to inform him 
of every particular, which he 
thought would enrich and emhellifli 
the work. 



It was deemed unneceflary to point 
out thofe gentlemen, whofe experi- 
ments and obfervations introduced 
in this work, were before well known 
to the world ; for which reafon the 
Author has confined himfelf to the 
mention of the names of thofe per- 
fons, whofe experiments were new, 
or not commonly noticed by the 
writers on this fubjedl. 



To 
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To rendet the Treatife more intelli^ 
gible, andufeful, three copper-plates 
are added to it ; and a copious index 
of the particulars which are mpft de- 
icrving of attention. 
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ARTS and Sciences, like Kingdoms and 
Nations, have each in their turn. Tome 
happy period of glory and fplendor, in which 
they more than ever attract the human atten- 
tion, and, by cafting a ftronger light than 
at other times, become the favourite objedt 
and purfuit of the age ; but thefe periods 
are fobn over, and a few years of luftre and 
fame, are often overbalanced by centuries of 
oblivion. From undergoing this fate, foma 
Sciences are however excepted, which, ow- 
ing to the vail and neceflary extent of their 
life, and to the fruitfulnefs of their produc- 
tions, are ever flourifhing ; and although once 
unknown, yet when fame had proclaimed 
their birth, or publiflied their advancement, 
they never afterwards declined ; and though 
they grew old, yet never decayed. Of 
this kind is Eledtricity, the moft plea- 
ling, and furprifing, among all the branches 

B of 



ii INTRODUCTION. 

of natural philofophy that ever were culti- 
vated by man. This Science, after it began 
to fhew the extent and generality of its 
power 5 after it was known to be one of the 
greateft agents of nature, remained always 
in vogue, was profitably cultivated, irre- 
mittedly advanced, and is now brought to 
a flate, in which, inflead of becomiog fterile> 
it feems further to engage the general atten- 
tion, and to promife to its followers more 
munificent rewards. Optics, indeed, (h^w 
many enchanting and ufeful pyoperties^ but 

concerning vifion only : Magnetifin exhibits 
%hc force of attraftion, repulfion, and pola^ 
rity in that fubftance called a Magnet ; Chy- 
miftry treats of thf various compofitions 
and decpmpofitions of bodies ; but Ele<Stri- 
city, containing as it were, all, within its 
power> alone exhibits the effe<3:s of max^ 
Sciences, combines together different powers, 
and, by ftriking the fenfes in a particular an4 
furprifing manner, affords pleafure, ^d is 
of ufe, to the ignorant as well as the Philor 
ibpher, the rich, as well as the poor. In 
Ele<5tricity, we are pleafed with beholding 
its penetrating light exhibited in numberlefs 
different forms ^ we admire its ^ittrac^ion 

and 
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ftiid repulfioiv a<5ting upon every kind of 
body ; we are furprifed by the (hock, terri- 
fied by the explofion and force of its bat- 
tery 5 but when we confider and examine it 
'as the caufe of thunder, lightning, aurora 
borealis, and other appearances of nature, 
whofe direful cffe<3;s we can in part imitate, 
explain^ and even avert, we are then in- 
volved in a maze, that leaves nothing to con- 
template but the inexpreffible and permanent 
idea of admiration and wonder. 

The earlieft account we have of any known 
dedxical eSed: is by the famous ancient na- 
turalift, Theophhastus, whofloriihcd zbcmt 
300 years before the prefent era. He tells 
us that amber (whofe Greek name is »> £«T^oy, 
and from whence the name Eledfricity is 
derived,) as well as the lyncurium *, has the 
property of attrafting light bodies. This, 
and only this, was almoft all that was known 
of the fubjeft, for about fifteen centuries 
after Thbophrastus, in which long period 

* It hath heeo in a maniier proved, that the lyncaiium of 
rf HEOfHRASTVs, is the very fame fabftance that now'goct 
under the name of Tourmalin, of which we (hall have oc- 
cafiMtofpeak in the conrfe of • thia treatife. 
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if INTRODUCTION. 

wc find no mention in hiftory of any ptrfoci 
having made any difcoveries, nor even any 
experiments in this branch of philofophy i 
the Science remaining quite in the dark till 
the time of William Gilbert, an Eng- 
li£h Phyfician, who lived about the twelfth 
cenj^ury ; and who for his difcoveries in thk 
neW, and uncultivated field, may be juftly 
deemed the Father of the prefent Eleftri- 
city. He obferved, that the property of at* 
trading light bodies, after rubbing, was 
not peculiar to amber, or the lyncurium ; but 

that many other bodies pofleflcd it as well 
as amber. He mentions a great number of 
thofe, together with many particularities, 
which, confidering the flate of the Science 
at that time, may be deemed truly great 
and interefling. 

After Gilbert, the Science advancing, 
although by fmall degrees, pafled, as it were, 
from infancy to puerility ; many an excel- 
lent philofopher undertaking to examine na- 
ture in this walk. Such was Sir Francis 
Bacon, Mr. Boyle, Otto Guericke, 
Sir Isaac Newton, and moft of all Mr. 
Hawkesbee, a perfon to whom we are 

much 
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much indebted for' many important difco- 
veries, and a real advancement of Electri- 
city. Mr. Hawkesbee was the firft that 
obferved the great eledric power of glafs, a 
fubftance, that, fincc his time has been gene- 
rally ufed by all Electricians in preference 
to any other eledtric. He firft remarked 
various appearances of the ele<ftric light, and 
the noife accompanied with it, together with 
a variety of phaenomena relating to ele<Stric 
attraction, and repulfion. 

After Mr^ Hawkesbee, the Science of 
Electricity, however hitherto advanced, re- 
mained for about twenty years in a ftatc of 
quiefcence, the attention of Philofophers be- 
ihg at that time engaged in other philofo- 
phical fubjeCts, which, on account of the 
new difcoveries of the incomparable Sir 
Isaac Newton, were then greatly in repute. 
Mr. Grey vvas the firft after this period of 
oblivion to bring the Science again to light. 
He by his great difcoveries reintroduced it 
to the acquaintance of Philofophers, and 
from him the true flourifhing era of EleCtri-i 
gity may be faid to take its date. 

B3 The 
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The number of Eleftricians that hath, 
been daily multiplying fince Mr. Greyj 
the difcoveries made, and the ufcs derivccj 
from thefe till the prefent time, are matters 
really worthy of attention, and defervc to 
be admired by eVery lover of the Sciences j, 
and well-wiftier to the human race, 

Whoever would makehimfelf acquainted 
with the particular tranfaftions concerning 
thofe advances, fliould read the /elaborate 
Hiftory of Ele<3:ricity compiled by the leartirr 
ed Dr, Priestley, a work that will inforn^ 
him of whatever had been done relative to 
the fubjedt till its publication. I for my 
part muft forbear making any long hiftprical 
detail; this, Treatife being intended to give 
an account of the prefent ftate of Eledri-f 
city, and not an hiftory of the fame. I 
ihall in general only obferve, that although 
the Science had, through the indefatigable 
attention of fo many ingenious perfons, and 
by the difcoveries that v^re daily produced, 
excited the curiofity of Philofophers, an^ 
engaged their attention ; yet, as the caufes 
gf every thing, whether fmall or great, 
}?nown or unknown, are feldom much at- 
tended 
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Hihded to, if their efFcds ar^ not ftriking 
and lingular i ib Eledricity had, till the 
year ^746, been ftudied by none but Philo- 
^|]^FS« Its attra6lkm eould in part be imi- 
tated by a loadilone; its light by a phof'^ 
phonis j andi in flidrt; nothing coritributed to 
make Eledricity tht fubjeft of the pfublicT 
attention, and excite a general curiofity, 
tithtil the capital difcovery of the Vaft 
accumulation of its power, in what is called 
the Leyden Phial, was accidentally made, by 
Mr. MuscHENBROECK, in the memorable 
year 1 746. Then, and not till then, the ftudy 
of Eleftricity became general, furprifed evdiry 
beholder, and invited to the houfes of Elec- 
tricians, a greater number of fpedtators, than 
ever were before aifembled together to ob- 
ferve any philofopbical experiments whatfo-* 
ever. 

Since the time of this difcovery, the pro- 
digious number of Eleftricians, experiments, 
and new fa£ts that have been daily pro- 
duced from every corner of Europe, and 
other parts of the world, is almoft incredi- 
ble. Difcoveries crouded upon difcoveries^ 
improvements upon improvements^ and the 
Science ever fince that time went on with fo 

B 4 , t^^v\ 
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rapid a courfe, and is now fpreading fo ama- 
zingly faft, that it fecms as if the fubjc£t; 
would foon be exhauftcd, and Eledricians 
arrive at an end of their refearches : but, alas ! 
the ne plus ultra is, in all probability, as yet 
at a great diftance, and the young Eleftri-* 
cian has a vaft field before him, highly de-. 
ferving his attention, and promifing further 
difcoveries, perhaps equally, or more impor-. 
tant than thofe already made. 
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PART 1. 

Fundamental Laws of Eledricity* 

CHAP. I. 

Con faming the Explanation of fome Terms 
principally ufed in EleBricity. 

IF a perfon, holding with one of his hands 
a clean and dry glafs tube, rubs it with 
his other hand, alfo clean and dry, ftroking 
it alternately upwards and downwards ; and 
after a few ftrokes prefents to it fmall 
light bits of paper, thread, metal, or any 
other fuVftance, the rubbed tube will im- 
mediately attradt them, and after a little 
time will repel them, — prefently, attract them 
again, ajidi fo alternately continue this attrac- 
tion, and repulfion, for a confiderable time. 
If this tube be rubbed in the dark, and 
after having been rubbed, a finger be pre- 
fented to it at the diftance of about half an 
inch, a lucid fpark will be feen between 
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the finger and the tube, accompanied with 
a fnapping noife ; the finger at the fame tiiAe 
receiving a pufh, as if it was from air if-^ 
fuing with violence from a fmall pipe. 

In this experiment, the attraction, repuU 
fion, fparkling, &c. are the efFeds of that 
unknown caqfe called EleSiricity ; and hence 
they are called eleSlrical appearances. The 
glaft tube itfelf is called the ele£lric, and all 
bodies capable by any means of producing 
fuch efFeds, are called eleStricsi and as tho 
rubbing awakes, as it were, in them tho 
power of producing eledtrical appearance?,! 
they are therefore faid to be excited by tlw 
rubbing. The hand, or any other body 
rubbing an eledric, is called the rubber i and 
if inftead of the perfon rubbing the glafs 
tube, a machine be conftrudled capable by any 
means to excite an ele<5lric, this, will he an 
electrical machine. 



If at the end of the tube, oppofite to that 
held by the hand, a wire of any length be 
tied, fufpending a metallic ball at its end, 
and the tube be excited as before, the me- 
tallic ball will, in this cafe, acquire all the 
proj^rties of the excited tube, /. >. it> 
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will attraift, fparkle, &c. like the tubcit> 

felf, the eleftric virtue paffing through the 
wire to the ball : hence^ the wire is faid ta 
be a condu6tor of eledlricity, and all fuch , 
bodies capable of tranfmitting the ele6tric 
virtue, like the above wire, arc called cou^b^ 

duSlor$. 

But, if inftead of the wire, a filk firing 
be ufed in the above experiment, and the 
tube be excited as before, the ball will in 
this cafe fhew no figns of Eledricity, the 
filk ftring not permitting the eleftric virtue 
to pafs from the tube tq the ball : hence the 
filk ftring in this cafe, and all fubftances 
through which the eledtric virtue cannot be 
Iranfmittcd^ ar? called non-condudlors. 

A body refting intirely upon noh-con- 
duftors is faid to be infulatedi fo in the laft 
experiment the metallic ball was infulated, 
for it was fufpended entirely by the filk 
ftringj, which is a non-conduftor. 

What bodies are conduftors^^ and what elec- 
trics, together with their particular proper- 
ties, as lar as it is known, will be plainly 
tai4 down in the following Chapters. 
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CHAP. II. 

Of EleSlrics and Condudlors. 

T^ H E firft and principal maxim ia 
. Eledtricity is, that all the known 
bodies in nature are divided into two claflcs, 
/. e. Eledlrics and Condudlors ; experiments 
ihewing, that ' wha,tever fubftanqe is a Con- 
duftor of Eledtricity cannot be excited (hence 
Conduftors are alfo called non'-eleSlrics)^ and 
whatever fubftance can be excited is not a 
Conductor : (hence Eledlrics and Nou^conauc-^ 
/cr J- become fynonymus terms). This maxim, 
however, is not to be confidered as ftridtly 
true and general ; for in reality we know no 
fubftance that may be called a perfe<5l Elec-r 
trie, nor any • that may be called a perfed: 
Conductor ^ the eledlric virtue finding fomc 
refiftance in going through the beft Conduc-*? 
tors, and being in part tranfmitted through, 
or over the furface of moft, and perhaps all 
the Eledtrics. The lefs perfq<5l a ConduiSor 
any fubftance is, the nearer it comes to, the 
nature of an Eledtric; and, on the other hand, 
the lefs perfed Eledtrics come rieareft to the 
nature of Conductors. The limits pf thefe 

two 
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two clafles come fo far one within another, 
that there are many fubftances which may 
aftually be excited, and at the fame time 
are pretty good Condudors. If the reader be 
defirous to knowthefe ambiguous fubftances, 
he muft feek for the worft Eledtrics among 
the Eledrics, and for the worft Condudiors 
among the Condudors, excepting fuch on 
which the experiment cannot be made, as 
fluids, powders, &c. 

The two following lifts contain, in general, 
all the Elcdtrics and Conduftors, difpofed in 
the order of their perfedlion, beginning in 
each lift with the moft perfed: of their clafs. 
In this order, however, the reader muft nots 
expeft a great exadtnefs ; that being imprac- 
ticable, when fubftances are fet under gene- 
ral articles, and at the fame time is of little, 
if indeed of any ufe whatever. 

ELECTRICS. 

Glafs, and all vitrifications even thofe of 
metals. 

All precious ftones, of which the moft 
tranfparent are the beft. 

All 
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^ All rcfins *, and refinous compoiitions* 
Amber; 
Sulphur. 
Baked wood^ 
- All bituminous fubftancc«* 
Wax; 
Silk. 
Cotton. 

All dry animal fubftanccs, as feathers^ 
wool, hairs, &c. 
Paper. 
White fugar, and fugar-candy. 

Air. 

Oils. 

Calces of metals and iemimetals. 

The aflies of animal and vegetable fub- 
fiances. 

The ruft of metals. 
. All dry vegetable fubftances. 

All hard.ftones, of which the beft arc 
the hardeft. 



\i 



* Under the name of refins, I would be underftood to mean 
all iiidi coniiflent oily vegetable productions that are inikai. 
mable, and not fblable in water ; gum-lac, therefore, and all 
fn^ fpbftanoes itfiproperly called gunu, are alfo meant under 
tUi article. See Macqu^r's Chemiftry, yoK L chap. xi. 

Many 
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NTsuiy of the above fubftances, and per- 
haps all, upon which the experiment can be 
made, when very hot, lofe their eledric pro- 
perty, ^and become abfolutely Condudlors ; fo 
red hot glafs, melted refin, hot air, bakad 
wood made very hot, &c, become Conduc- 
tors of Eledtricity. 

It has been obferved, that glafs, efpecially 
the hardeft and beft vitrified, is often a very 
bad Eledlric, fometimes being quite a Con- 
dudpr. Glafs vefTels made for eledrical 
purpofes are often rendered very good Elec- 
trics by ufe and time, though they might 
be very bad ones when new. 

A glafs veflel, out of which the air has 
been exhaufted, on being rubbed, (hews IK> 
figns of eledlricity upon its external furface, 
but all the elcftric power appears within the 
veflel -f- ; and a glafs tube, or globe, with 
the air condenfed in it, or full of fome con- 

f AUbpugh a glafs vefTt 1 exhaufted of air Ihews no figns of 
Electricity without ; yet it has been obferved, thAC the dcQric 
power of a glafs cylinder is the ftrongefty when the air wichia 
it is a little rarefied, u e. fomewh^t lefs denfe than the external 
air. See L'fiilettricifmo Artificialeof G. B. Becca&ia, § 4IU 

dudting 
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duding fubftance, is incapable of being ex;-* 
cited. 

CONDUCTOR $• 

Gold. 

Silver* 

Copper* 

Brafs. 

Iron. 

Tin, 

Quickfilver. 

Lead. 

Semi-metals. 

Ores, of which the beft arc thofe that con- 
tain the metallic part in the greateft qiianti- 
ty, and come neareft to a metalline ftate. 

Charcoals, made either of animal, or vege- 
table fubftances. 

The fluids of an animal body. 

All fluids, excepting air and oils. 

The effluvia of flaming bodies. 

Ice. , 

Snow. 

Moil faline fub fiances, of which the me- 
tallic falts are the befl. 

Stony fubftances, of which the hardeft arc 
the worft. 

Smoak 
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« 

The vapours of hot water. 
Eledtiicky pervades alfp vacuum^ or the 
abfence of air caufal by an air-fpump, al-i 
moft as firecly as the fubflance o£'a good 
Condudor. . ^ 

. Befides thefe^ all bodies in which nsore 
or' left pf fome of the above-mentioncd'Con- 
dudlors are contained^ are alfo proportion* 
^bly Conductors; thus, green vegetables, 
raw meat, &c. are Condudlofs on acctnint 
of the fluids they contain. 

From thi? principle it follows, that dl 
]gle^i:icg Wore excitation /hould be well 
(;lean^» .driedr, and fotfit made even very 
hpt, in order to free them from every humi- 
dity, otherwife they are fo far froBqi the na-» 
Jure of Eledlrics, that they become actually 
Cpn4tf<^9r$4 on account of tbfi moifhire 
which ^l^ytisoiitain within th^ pores, or 
upon cth«i<^:iUrfaces. 



^j 



-'Atxr.afdgad to the conducing, power of 
charjcfofth i* muft be obfcrved, thait:ajl char^ 
coal will not conduft equally well, there 
Ibeing fome that will . hardly .v^adui^.- at 

C all, 



I 
I 
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all ; and fomedmes it is in fuch a ftate,* 
diat it will affiil the paflage of a large 
quantity of cledric fluid along the fur- 
face, when it will not condud it any other 
way. This difference, however^ is not 
occafioned by the difference of the wood 
from which the coals are made, but by 
the degree of heat that is applied i» tha 
procefs of making them ; the beft Conduc- 
tors being fuch as have been c*pofcd to the 
greateft heat.* 

Whether the piece of wood in the procefs 
of coaling is fuffered to flame, <x not, $» 
quite immaterial f and the . ccmtinuance ^if 
the fame degree of heat has no appareht^f^^ 
fed with refpeia to the conduding power -pf 
the charcoaL »■ t, 

It will not be; improper to <3rb(brfetlitftt« 

- • " • 

place, the diflferent changes froth ^xiSiiBxit' 
toNon-condudor, occaiionedin thcf1fifii(^fttt>^ 
ftance by different preparations. A pi€c6*of 
wood juft cut from a tree' is -ajgdod; Qwi^iiw^*^ 
tor^ letit be bakcdj and it becomes ifrDi^fetl:^ 

* See Pr. PRissTLBY'f (emd volame of pbfemtioi^j^cm 
^MTertirt KinilliDf Air, Scc-'ativ: ^ . ^i-- **q 
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trie ; burn it to a coal, and it is a good Con- 
dudlor again 5 laftly, let this coal be reduced 
to aflies, aud thefe will b« impervious to 
elciftricity. Such changes are alfo obferva- 
ble in many other bodies ; and very likely in 

all ftibflances there is a gradation from the 
bcOt Conductors to the beft Non-condudo^a 
of £le£tricity. 



^^^•^m 
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Cf the tivo 'EleBridtUi. 

N. 

F, in th& experiment, mentioned in the 
firil: chapter, the perfon that rubs the 
t4ibe be infulated, /. e^ be fet with his feet 
upon a cake of reiin, a flool, with glafs feet, 
or any other good Eleftric, fo that the com- 
munication between his body and the earth be 
cii(: pfF by means of Ele<Strics ; aqd if in this 
i^uation4ie JTubs the tube with his hand as 
before.;^ this perfon^ as w^Uas the tube, will, 
VQk^ thisk cafc^ appear eleftrified. . If any light 
bodies l>e prefented to any pgrt ^i his body, 
they, will be attraded aQ4 repplled. If. ano- 
ther perfon prefents his finger to hiip, a lucid 

r 

ipark will follow, with a fnapping noife 5 
and> in fbort, this ipfulated perfon will fhcw 

C % tNW^J 
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ctery fign of eledricity that the tube exhi*^ 
bits. But their eledlricities are not the fame ; 
the eledricity of the tube being juft the re- 
verie of the eledricity of the perfon, and 
their particular appearances are the following* 

I . Whenever a light body infulated, a^ 
for inftance, a fmall piece of cork fufpended 
by a filk thread, has been attraded by the tube, 
and afterwards repelled, if no conducing 
fubftance touches it in this ftate of re- 
pulfion, it will not be attrafted by the tube 
again. The fame happens with the in- 
fulated perfon ; for when this light body has 
been once attrafted by any part of his body, 
and afterwards repelled, it will not be at* 
tradted again ; but if in this ftate of repul- 
fion the tube be prefented to it, it will then 
be attradted, and that violently by the tube ; 
and when repelled by the tube, it will be at- 
trailed by the infulated perfon. Further, 
if two or more light infulated bodies, like 
the above-mentioned piece of cork, be feve- 
rally attraded by the tube, and wjien after- 
wards repelled, be brought within a fmall 
diftance of one another, they will repel each 
other^ and if well infulated, continue in thii 

cldSirified and repulfive ftate for a confidera* 
^ ' blc 
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ble time. The fame will happen, if they are 
prefented to the perfon inftead of the tube ; 
they will alfo, after being once repelled 
by this, repel one another. But, if. one, or 
more of thofe light infulated bodies be at- 
tracted and repelled by the tube ; and one or 
more others be attracted and repelled by the 
perfon, and afterwards both or all (/. e. fuch 
as were prefented to the tube, and fuch as were 
prefented to the infulated perfon) be brought 
within a fufficient diftance of one another, 
they will then, inftead of repelling, attradl 
each other ; and inftead of continuing elec- 
trified, extingUifh at once every fign of elec- 
tricity. Thefe two eledricities, therefore, are 
(as it was faid before) the one juft the con- 
triary of the other, the one attracting what 
the other repels ; and, as if one was an af- 
firmative, and the other a negative power, 
when ecjual quantities of each are fummed 
together, they balance each other, and lofe 
every property. 

?. Another charaderiftic of each of the 
two eledricities, confifts in the appearance of 
their light. If a pointed body, as a needle, 
a wire, or the like, be prefented to the ex- 

C 3 cvted 
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cited tube in the dark, a lucid globule, like 
a ftar, will be feen upon the point ; but if 
this pointed body be prcfentcd to the infu- 
lated perfon, then in the place of. the ftar 
a lucid pencil appears, compofed of f ays> 
feemingly iffuing from the point, and di- 
verging towards the perfon. -f 

3 • Laftly, in fomc experiments (which wiU 
be hereafter particularly ipention^, and this 
property better explained) the felc6bicity pf 
Ithc tube, when in thd a6t of paffing from a 
-Body overcharged with it to another, cither 
not eledrified, or poffefTed of the contrary 
. ele<ftricity, fhews^ an indifputable current 
from the former to the latter ; apd the elec- 
tricity of the infulated perfon, when in the 
aft of paffing from a body overcharged with 
it to another, either not ^Icflrified, or pof- 
fefTed of the contrary eleftri^ity, (hews clcar-^ 
\y a current from the latter ,tp t^e former, 

Thefe two electricities are not only obferv-r 
ed in the aboYe-picntior;ied experiment, but 

f This pencil of rays wiU^ppjcar better, if a pointed tieed!^ 
be prefenied to the infiijated perion,^ at the djilaoce of abcot 
one inch from foms part of his body, while be is a(liially itjb* 

bing the tube in the dark. 

•I 

in 
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in ieveral other cafes alfo ; and they ^« 
wa3rs accompany each other ; for when dif- 
ferent Eledrics are rubbed, fome will acquire 
one ele($ricity, and others ^ill acquire the 
conti:ary ; the rubber, if infulated, fhewing 
at the fame time, figns of the eleftricity con- 
trary to that acquired by the excited eleftric : 
befides this, almoft all Eledtrics may be made 
to ihew at pleafure the one or the other elec- 
tricity, according to the fubftance ufed for 
' a rubber^ Hence the following corollaries 
may be deduced ; viz. i . Whenever two 
different fubftances (being both infulated> 
or only that which is a Condudor) arc rub- 
bed together, except they are both good 
Ck)ndu(3:ors, they will be both eledrified, 
md one acquire the eledricity contrary to 
the cleftricity of the other* 2. Almoft 
all the Eledrics may be made to acquire, at 
pleafurcj the one or the other eledtricity , by 
ufing projper rubbers. 

The firft of thefc two electricities, /. f. 
that poflefTed by the glafs tube in the above 
experiment, as it was thought to be th« 
conftant produdion of rubbed glafs, was 
called the Vitreous Ele&riaty ; and the 

C 4 other. 
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Other, as it was firft obfervcd to be pro- 
duced by refinous fubftances, was called 
the Refinous EkStricity. The Vitreous Elec- , 
tricity is alfo called Pgfitive^, or Plus 
EleBrkity^ for a reafon that will be confi- 
dcred in the courfc of this Treatife ; and 
the Refinous is called alfo Negative ^ or Mi* 
nus EleSlricity. A body, therefore, pofTefled 
of the Vitreous, fofitive, or Plus Eleftri- 
city, is that which fliews fuch figns as the 
tube was faid to exhibit ; and a body pof- 
feffcd of the Refinous, Negative, or Minus 
Eledricity, is that which fhews fuch iigns 
as the infulated perfon was faid to exhibit 
in the above-mentioned experiment. 

In the following Table may be feen what 
Electricity will be excited in dijffcrent bo- 
dies, when rubbed with different fubftances. 
Smooth glafs, for inftance, will be found by 
this Table to acquire a Pofitive Eledricity, 
when rubbed with any fubftance hitherto 
tried, except the back of a cat ; (by which 
I mean the fkin of a cat while on the ani- 
mal alive) rough glafs will he found to ac- 
quire the Pofitive Eledtricity, when rubbed 
with dry oiled filk, fulphur, &c. and the Ne- 
gative 
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gativc,^ when rubbed with woollen cloth, 
the hand, &c. and fo of the reft. 

Th.b,dcefac«} Foiitive { ^'^^ £'^2.^ fd^"^'' ^' 
S.OO.U glaft } ■ Pofidve [ ^«Tcpc ^b" k 'of Tc.?*^ 

1 Pofitive 5 Dry oiled fUk, fulphar, metals. 

Rough glaft y ^ Woollen-clot tiy qutlliy wood» pa* 

I Negauvb 3 per» fealisg-wtx, white-wax, 
J 1 the haman hand. 

Pofitive \ Amber, air.* 
Negatiire 5 Diamond, the haman hand. 

p^ . S Metals, filk, loadftone;, leather, 
roHwvc I liand, paper, baked wood. 

Negative ^ Other iner fart. 

' ' Pofiil ve 2 Sl^ck filk, metals, black cloth. 
Negative \ Paper, hand, hairs, weafePa iki;i. * 

IPofitive 2 &^i)g wax. 
^ . r Hare's, weafePs, and ferret*s (kin 
negative ^ ioadftonc,brafs,filver,iron,hand. 

Pofitive JMctalp, 

r Harems, weafePsj and ferret's fkin. 
Negative < hand, leather, woollen clo^» 
C paper. 



Toormailitt 



Hare's ficin 



' White filk 



Black fiflc 



5eafing-wax 



Qaked wood 



} Pofitive I Silk. 
Negative | Flannel. 



* /. e. By blowing with a pair of bellows upon it. By this 
means many Eledlrics may be excited, and fome better if the 
vr blown is hot, althopgb, in both cafes, very Hide Elearicity 

can be obtained. ' 

The 
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The preceding Table might have been 
much extended^ had I chofen to bring into 
it all the minutiae attending this matter as 
far as it is known ; but this I have thought 
unnecefiary and impradlicable^ becaufe expe-« 
riments of this k;^d are of fo nice a nature^^ 
that they require the mpfl fcrupulous atten- 
tion in making them ; and then their efiedts 

depend upon fo fmall and variable circum- 
ilauces, that often the very fame £led:ric» 
rubbed with the fame rubber, gives at one 
time figps of one EleSricity, and at another 
time figns of the contrary. A very little 
alteration in the furface, a different degree of 
drynefs, and^ even a different application of 
the fame fubftances often occafions a differ- 
ence in the Eleftricity. I ihall only obferve 
in general, that as far as may be deduced 
from the greatefl number of experiment3, it 
appears, that when the different fubftances are 
rubbed together, • that whofe Eleftric power 
is the flrongefl, in general acquires the Pofi- 
tive, and the other the Negative Electricity i 
and when tWo bodies, differing in the fmooth- 
nefs or roughnefs of their furfaces, are rub- 
bed together, the fmoothefl acquires the Po-* 

fitive, and the rqughefl: the Negative Elec-» 

tricity^ 
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tricity, Thefe two qualities arc often to be 
confidered both together ; for except the two 
bodies are of the fame fubflance, as fmooth 
and rough glafs^ white and black filk^ &c, 
they generally differ in both, /. e. they have 
not the fame eledric power, and at the fame 
time their furfaces differ in fmoothnefs^ 
This rule, however, is not to b6 confidered 
9s a conftant and general one ; for^ according 
to this principle, it fhould feem, that apiece 
of fealing wax When rubbed with the hand, 
or paper, would acquire a Politivc Eledhi- 
eity ; but this is contrary to experience^ 

. - ■ * 

In cafe that two eletflric fubftances, equal 
in every refpeft, arc rubbed together, il is 
to be obferved that the fubftance which fuf- 
fcrs the grcateft fri<3ion acquires the Nega- 
tive, and the other the Pofitive Eledricity. 
Suppofe, for inftance, that a piece A of filk be 
drawn acrofs another piece of filk' B, in 
every refped: equal to the former, fo that the 
furfaee of the whole piece A, /• e. of one fide 
pf it, be fucceffively drawn over one part of 
the piece B> then A will acquire the Pofitive, 
and iB the Negative Eleftricity. The reafon 
of this may probably be, bccaufe the part 

of 
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of the piece B, over which the piece A has 
been drawn, has acquired a greater degree of 
heat ; for it has been obferved, that heat ra- 
ther difpofes bodies to be electrified Nega- 
tively. 
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Of the different Methods of exciting EleStrics. 

RUBBING, as we obferved before, is the 
general mean by which all eleftric 
fubftances that are at all excitable, may be 
excited. Whether they be rubbed with 
Eleftrics of a different fort, or Condudlors, 
they always fliew figns of Eleftricity, and 
in general ftrongcr when rubbed with Con- 
ductors, and weaker when rubbed with 
Eledtrics. But befides friCtion, there are other 
means by which fome Electrics may be 
caufed to fhev/ eledric appearances, thefe 
are by melting, or pouring a melted EleCtric 
into another fubftance ; and by heating or 
cooling. The particulars obferved by ufing * 
.the firffc of thefe two methods are the fol- 
lowing : 

If 
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If ful^ur be melted in an earthen veflel, 
and left to cool upon Cohdudors : if taken 
out J of the vefleU when cold, it will be 
found ftrongly eledrical ; but not at all fo^ 
if it be left to cool upon Eledrics. 

If 'fulphur be melted in glafs veiTcls, and 
afterwards left to cool, they, will both ac- 
quire a ftrong Elcdtricity, the fulphur Nega- 
tive, and the glafs Pofitive, whether they 
be left to codi upon Electrics or Conduce 
tors ; however, they always acquire a Aronger 
power in the former cafe than in the latter, 
and a ilrOnger ilill, if thte glafs ycGgl is toated 
with, jnctal. It is remarkable that the ful--- 
phur acquires no electricity till it begins ta 
CQoli its .power incfeafes in proportion a&- 
it contrifts, and is- the ilrongeft when-; in 
the ftate of greateft contradion -, but then 
the eledricity of the glafs ve/Tel is at the 
lame time the weakeft. 

• ■ 
' if melted fulphur be poured into a yd&^^ 

of b^ed wood, it acquires a Negative, and 

the wood a Pofitive Eledxicity ; but if i% 

be poured' into fulphur, or' rough glafs, it 

acquires no (eofible, eleftricity. 
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Curable time after they have been rendered 
ele<3:rical, yet their power ia continually di-« 
minifliing till it qviite vaniifaes. It is'.re^ 
markable/however^ that fulphur^ refinoas^ 
and bituminous fubftancest retain in general 
the ele&ric power much longer than glais, 
or any other £lei3ric8; the* reafon may be^ 
that they do not attra(ft moiflure like glafs 
and other fubftancesv 

The property of exhibiting eledrical phce« 
nomena^ by means of heating and* coolings 
was firfl obferved in a. hard femi-pellucid 
foffil, known under the .name of Tounna* 
lin|. This ftone^ which is generallyi*.«£ ^ 
deep red, or purple colour^ :and feidoixkCK^ 
ceeds the fize of a fmall walnut^ is common 
in feveral parts of th$^ Eaft Indies^ .i^d tTpe* 
cially in the Ifland of Ceylon. It$ ^ropie^ttes 
in regard to Electricity are the folio wi]|ig ^ . ,. 

I. Thp Tpunnalin, \?^bilp^kep*j..i9^ 
fame degree of heat. ihewsAO figns of Elcc-p 
tricity, but it will become cledlrical: by in- 

. 1 This ftone is called a/cJbt/tjricUfr by (he P.ptch,, fippm its 
property of attraAing ch^ afhesp ii^hen layed near thp ^.« Lift* 

nensoilU it la f is ih^ruui, Sceh^s floca Zeylooica. 

* ■ * ■ I ■ ■ ■ 

creafing 
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Creafing or diminiftiing its heat, and ftronger 
in the latter than in the former cixcum- 
ftanee. 

2. Its Eleftricity does not appear all over 
Its furface, but only on two oppolite fides, 
which may be called its poles, and they al- 
ways lay in one right line with the center 

of the ftone, and in the diredion of its. 
flrata; in which dirediion the ftone is ab- 
folutely opaque : though in the other, femi- 
tranfparent. 

3. Whilft the Tourmalin is heating,, one 
of its fides (diftinguiflied by A) is eleiftri- 
fied plus, and the other fide B minus. But 
when it is cooling, A is minus, and B 
plus*. 

* 

4. If it be heated, and fufFcred to cool 
without either of its fides being touched, 
then A will appear pofitive, and B nega- 
tive, all the tinie of its heating or cooling, 

* From this law may be eaiily dedaced, that if one fide of 
the ftone, in fome circumllance or other, is growing hot, 

while the other is cooling, then both iides will appear pof- 
fefTedof the fame eledtricity at the fame time ; and if only one 
fide changes its degree of heat, while the other remains the 
fame, then the former fide only will appear eleflrlfied. 
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5. If this ftone be excited hy Friftioriy 
like any other Eleftric, then each of itS: 
fides, or both at oncey may be mdde Pofitive.* 

6. If the Tourmalin be heated or cooled- 
upon fome other infulated body, that body will 
be found eledlrified as v/ell as the ftone, atid 
pofleffed of the Electricity contrary to that^ 
acquired by that fide of the ftone which 
was lard upon it. 

7. The Elecftficity of each fide, or of botft^ 
may be reverfed by heating or cooling the 
Tourmalin in contadl with various fubftan- 
ces; fo if it is cooled/ or heated in eontalffc 
with the palm of the hand, that fide of it,' 
which would have been pofitive if cooled 
in the open air, is now negative >' afid rhat^^r 
which would have been negative, is now 
pofitive. ' r 

/ 

8. If a Tourmalin be cut into fevjeral 
parts, each piece will have its pofitive and 
negative poles, correfponding to the pofitive 
and negative fides of the ftone from which 
it was cut, - ; . .. 

9. Thefcj" 
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^. Tbefe properties of the Tourmalin ard 
alfo obfervable in vacuoi but not fo ftrong 
as in the open air. 

10. If this ftone be covered all over with 
fome eleftric fubftance, as fealing-wax, oil, 
&c* it will in general (how the fameap-s 
pcararices with this coatings as without it. 

11. Mr. William Canton hath late^ 
ly obfcrvcd a Very vivid light to appear upon 
Ihe Tourmalin, while heating iii the dark i 
he can by this determine, which eiid of thd 
ftone will be pofitive^ and which negative. 
Further^ when the ftone is ftrcngly excitcdi 
it emits very ftrong flafties from the pofitive 
to the negative endi in the dark -f i 

12. Ih the laft plafce; it is remarkable 
that the power of the TdUrmalin is fopie- 
times injured by the adion of a ftrong fire^ 
fometimes improved^ and fometimcs not at 
iall afFefted by it. The laws> however, of 

•{• The Brafiiian emerald Mr. Canton has bbferved to liare al* 
fo this property of emitting light, whilH heating in the dark. 

D a theft 
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thefe uncertain efFeds have not yet been 

afcertained. 

. The moft of the above properties, which 
were firft obferved, and thought peculiar to 
the Tourmalin, have been found to be- 
long to almoft all hard precious ftones, th^ 
being alfo made eledrical by heating aqd 
cooling, and have their pofitive and nega- 
tive fides laying ia the diredtion of their 
ftrata or cryftals ; and, in {hort, as far it as 
has been obferved, they have been found 
to adt exadtly like Tourmalins. 

We fhall laftly obferve, in this chapter 6f 
excitation, that whenever an Eleftric is rub^ 
bed with another infulated fubftance, al- 
though it acquires an eledtric power, -and 
Ihows eledtrieal appearances, yet that power 
is very weak ; and in order to obtain a con- 
fiderable Electricity, it is n^ceffary that the 

rubber fhould have a regular communication 

■ . . «. 

with the earth, by means of good Con- 

dudors. 
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HAP. V. 



Of Communicated EleSiriaty. 

IN the preceding Chapters we have confi- 
dered Eleftricity no further than in re- 
refpeift to its quality ; we have remarked 

the diiFerences between the Pofitive and the 
Negative, and have noted which bodies, and 
by what means, they could acquire this 
property.-- »-But now a vaft proipect is open- 
ing to our view, full of extraordinary ap^ 
pearances '; and vve are to confider in this 
Chapter, not the mere kind of Eleftricity, 
but its nunierous effefts. Under the title 
. of Communicated Electricity falls almoft all 
that is known of the fubjed; the paffage of 
this virtue from one body to another is 
what caufes its light ; by being communi- 
cated to other bodies, we fee its attradlion j 
by its quick tranfition it is that it melts 
metals, deftroys animal and vegetable life j 
and, in (hort, it is by this communi- 
cation that the Science is at all known 
^d cultivated. In order, therefore, to pre* 
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fcrve perfpicuity, and diftinftion in defcribing 
fuch a multitude of fads, I fhall employ 
more chapters on this fubjedl, and arrange 
in each fuph particulars as feem moft pro- 
per to be placed together, at the fame time 
contriving to reduce the whole into as few 
principal heads as it is poflible, without conr 
fufion. 

Whenever Eledlricity is by any means 
fuperinduced on a body, it is there con- 
fined only by Eledrics, and remains with 
that body a longer or a fhorter time> ac^ 
cording as the ElecSrics that confine it are 
more or lefs perfed:. A glafs tube, for inr 
ftance, when rubbed, acquires a quantity of 
that power, v^hatever it is, whiph we call 
Eledricity. That Eledtricity remains, and' 
is perceivable upon the .glafs, infomuch as 
it is furrounded by the air, which is an Elec^ 
trie; and as the air is in a more or lefs per- 
fed: jelgftric ftate, fo that virtue is retained 
upon the glafs longer or fliorter ; aild bcT 
caufe the air is never aperfeft Eledlric, there-: 
fore the excited tube can never preferve the 

acquired Eleftricity perpetually^ but it is pqun 

tinually 
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tiiiually ijuparting fome of it to the contigu- 
ous air^ Of the conducting particles that float 
i;i that element, 'till at laft it quite Icfes its 
power. If a Jinger^ or any other Condud;or 
;be prefented towards an excited Eleftric, it 
will receive a fpark, and in that fpark part 
only of the Ele(Stricity of the Eledric ; but 
why not all } Becaufe the excited Ele«Stric 
being a Non-conduilor, cannot convey the 
Eleftricity of all its furface to that fide, to 
which the Conduftor has been prefented. 
Jience, if a condudling fubftance be fuccef- 
fively prefented to different parts of an ex- 
x:ited Eleftric, it will receive at every ap- 
proach a fpark, without repeating the exci- 
tation, 'till all the power of that Eleftric is 
exhaufted, and then a new excitation is ne- 
:Ceirary in order to revive it. 

Whenever a Conduftor cojnrnunicatins: 
with the earth is exhibited at a convenient 
diftance to an excited Eledtric, it acquires 
on that exhibited fide an Eleftricity con- 
trary to that pofTclTed by the Eleftric : this 
Eledlricity increafes the nearer it is ap- 
proached, and at laft, as there is an eager at- 
traction between Pofitive. and Negative EU^- 

D 4 XtVCVL^J^ 
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tricity, the Condudlor receives a fpark from 
the Eledtric, and fo the balance is rcftorcd. 
If this Condudor does not communicate 
with the earth, but is infulated, and ap- 
proached to the excited Eledric as before, 
then not only that fide of it which is towards 
the Eledlric, but the oppofite alfo, wilj appear 
cledlrified; with this difference, however, 
that the fide, which is expofed to the influ- 
ence of the Eledtric, has acquired an Eledtri- 
city contrary to that of the excited Eledtric, 
and the cppofite fide an Electricity of the 
fame kind with that of the Eledric. Thefe 
two different Electricities of the Condudtor 
increafe as it comes nearer to the Eledlric, 

9 

and at laft the former receiving a fpark from 
the latter, becomes throughout polfeflTed of 
the fame Electricity with the Eleftric, from 
which it has received the fpark. All thefe 
effeds will happen in the fame manner, if be- 
tween the excited Eledtric and the approach- 
ed Condudor there is interpofed fome other 
eledric fubftance befides air. 5 as forinftance, 
a thin plate of. glafs, rofin, fealing-wax, 
&c. but then a fpark can never come from 
the excited Eledric to the Condudor, ex^ 
cppt it fcrces, or burfts its way' through 

the 
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the interpofed Eleftric, as it always docs 
through the air. This difplacing of the aiF 
is what caufes the noife that attends a fpark, 
and that noife is more or lefs loud in pro- 
portion to the quantity of Electricity, and 
to the refiftance it meets with in its paT- 
fage. 

An infulated Conduftor having received 
the Eledlricity frgm an excited Eleftric, 
(in which ftate it is faid to. be eleftrified 
by communication) will a6t in every relpc<9; 
like the excited Eleftric itfelf, except, that 
when it is approached by another Condudtor 
communicating with the earth, the former 
gives one fpark to the latter, and by that di{-. 
charges all its Eledtricity. The reafon why 
an eledrified Conduftor lofeth its Ele<ftricity 
all at once, when touched with another Con- 
duftor communicating with the earth, and 
not part of it ohly, like the excited Elec- 
tric, is, becaufe the Eleftricity belonging 
to the whole of the Conduftor iS' eafily con- 
duced through its own fubrtance, to that 
fide, to which the other Conduftor is pre- 
fented. Hence it appears that, in general, 
the Eleilrigity difchargqd from an eleftrified 

Cow- 
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cd body will throw off Eledricity to,and receive 
it from a greater diftance, than a body of any 
other fhape ; but then that paffage occafions 
no noife, and but little light, for, in this cafe, 
the Eleftricity does not come in a feparate 
large body, but by little and little, or rather 
'by a continuate ft ream. 

It is remarkable in the cafe of points throw- 
ing off, or receiving Electricity, that a cur- 
rent of air is fenfible at an eledtrified point, 
which is always in the diredtion of the 
point, whether the Eledlricity is pofitive or 
negative. 

The cledric fpark, taken upon any part 
of a living animal body, caufeth a difagree- 
able fenfation, which is more or lefs trou- 
blefome, as the fpark is ftronger or weaker, 
■and the part, upon which it is taken, is 
more or lefs delicate. 

A large quantity of Eledlricity, pervades 
the fubftance of a jCondudor of a confidera- 
ble length, with a furprifing and impercep- 
tible velocity ; ' but a fmall quantity of it 
has be?n found to take fome little time in 

paffing 
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paiBng through a long> and lefs pcrfe<f% Con- 
ductor.. . 

ff 

Bodies, poflefled of the fame Eledtricity, 
whether ppfitive or negative, repel each other. 
But bodies, poiTeiTcd of different Eledlrici- 
ties, attradl each other ; and there is no elec- 
trie repulfion, but between bodies poffeiled 
of the fame Eleftricity, nor elcdtric attrac- 
tioh but between bodies poffeffed of dif- 
ferent Eledricities, /. e. between bodies 
pofitively, and bodies negatively, eleftrified J. 

Eleftricity, ftrongly communicated to in- 
fulated animal bodies, quickens their pulfe, 
and promotes their perfpiration. If it is 
communicated to infulated fruits, fluids, and 
in general, to every kind of bodies that arc 
a<9:ually in a Hate of evaporation, it alfo 

} This law, i. e. that there is no.eledlric atlraflion, except 
between bodies pofTcfTed of different £Ie£lricicie8» will, perhaps, 
appear paradoxical upon obferving, that an excited £Ie6lric 
attrafts fmall bodies^ which never were by any means made 
eledrical before ; bat the paradox will foon vani(h, if what 
has been faid. above be confidered, i. e. that when ConduQors, 
and'indeed B'le^rics too, xome near an eledrified body« they 
be^nie[.«6lually' pofTeiTed of a different Electricity. But this 

will appear much clearer frpm ^he exper^meats that are to be 

• '.■■'■. 

nentioncd hereafter. 

s ■.■■.■■ . 'm- 

■ r 
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increafeth that evaporation, and that id a 
greater or lefs degree; as thofe bodies are 
more or lefs fubjedt to evaporate of them^ 
felves, as the vefTels, that contain the fame, 
lire Condudlors or Eledrics^ and as they 
have a greater or lefs furface expofed to thtf 
open air § i 

By increafing the pcrfpiratipn of vegeta- 
bles. Electricity promotes their growth ; it 
having been found, after feveral experiments^ 
that fuch plants, which have been oftenj 
and long eledlrified, have fhewed a more 
lively and forward appearance, than btherS 
of the fame kind that were not eleftrified. 

When Eledtricity is communicated to in- 
fulated veflels, containing water, that is ac- 
tually running from a pipe, the effefts tvill^ 
as far as may ingrofs, be deduced from ex^ 
jperiments, obferve the following laws; 

*' I. The eledlrified ftream, though it di-« 
^< vides^ and carries the liquid further, id 

% Although it has been by fome pretended, thit Eledricitj 
tanfed feveral fubftances to evaporate throngh the porcs of glaftj 
and metalsy yet that could never be obferved, though many ac- 
curate experiments were made for that purpofe ; befides, thttf 
pretended evaporation^ feeml on all accounts exceedingly \m^ 
probable^ 

** neith©!* 
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'^ nfeither fenfibly accelerated nor retarded^- 
** wheft the pipe through which it iflues i* 
^' not Jefs than a line in diameter. 

. ^' 2. Under this diameter, if the tube is 
^* wide enough to let the liquid run in a con- 
^^ tinned ftream. Electricity accelerates it a; 
^^ little, but lefs than a perfon would ima- 
** gine, if he }udged by the numbers of jet5 
** which are formed, and by the diftance ta 
^^ which they go. 



€< ^ 



^. If the tube be a capillary one, from 
*^ wl!^ich the water only drops naturally, 
'^ th6 eledlrified jet not only becomes a con- 
^' tiniied ftream, and even divided into fe- 
^^ veral flreams, but is alfo confiderably acce- 
" leratedjf and the fmaller the capillary 
' ^ tube is, the greater^ in proportion, is the 
*^ acceleration^ 

*^ 4*^ So great is the effe<3; of the clcdric 
** virtue, that it drives the water in a con- 
** ftant ftream out of a very fmall capillary 

» 

*^ tube, out of which it had not before been 
/^;ablc even to drop." 

. The eledlric virtue has been found not to 
be afFefted by, or afFefty the magnetic virtue 
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of a loadftone ; neither is it affcded by heat 
or cold ; fince, an iron bar ~ made red hot, 
or any conducing fiibftance hard frozen, 
when eledrified, attrafts, repels, gives fparks, 
&c. in the fame manner as in its natural 
temperature. Elecftric attradlion is obferva- 
ble alfo in vacuo, where it adts nearly at 
the fame diftance, as in the open air; and 
cleftric fubftances may alfo be excited in 
vacuo. 

Laftly, we fliall conclude this chapter with 
remarking two peculiarities, refpedling- ex- 
cited and communicated Electricity. The 
firft of thefe is, that if the face, or any part 
of die body, is prefented to an excited Elec- 
tric, it will feel as if a wind was blowing, 
or rather, as if a fpider's web was drawn 
over it, whereas this is feldom produced 
b/ communicated Eledlricity. The other 
particular confifts in this, that if the noftrils' 
are prefented to an excited Ekdtric, they will 
be afFcdted by a fmell, much refembling that 
of phofphorus ; but communicated Electricity, 
does not occalion any fuch fenfation, except 
when a large quantity of it does fuddenly pafs 
from one body to another. 

CHAP. 
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C H A P. VI. ' 

Of BitElricity communicated to EkSlrics, 

AS the Eledric Virtue can be fuperin- 
duced on Condudors by communica- 
tion, fo may it alfo be communicated to Elec- 
tries : the difference however is, as might be 
expeded, very remarkable j for when one 
fide of a Gmdudior is prefented to an eledlri- 
fied body, the Eledricity will inftantly per- 
vade its whole fubftance, on account of its 
condu^ng nature ; whereas when an Eledtric 
is prefented to another Eledtric excited, or to 
an eledrificd Condu^tor^ it \?^ill with fome 
difficulty acquire any Eledricity, becaufe its 
fubilance is impervious to that virtue, and in 
order to make it acquire fome^ it muft be 
feveral times> and in different parts, touched 
If^ith the eleiftrified body* Th^t it is as dif- 
ficult to deprive an EJedric of its acquired 
Eledricity, as it is to fuperinduce it on its 
furface, I think might eafily be fuppofed ; 
for the very fame quality, which caufeth it 
to acquire that power flowly (namely its be-* 
ing a Non-condudor) makes it alfo part with 

E it 
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it flowly ; and, in order abfolutely to deprive 
the Eledric of its acquired Eledricity, it muft 
be touched feveral times, and in almoft every 
part of its furface, with Ibme conducing fub- 
ftance. 

In the preceding chapter we obferved, that 
when an infulated Condudor is prefented to 
an eleftrified body, it acquires, on the part 
neareft to that body, a contrary Electricity ; 
and on the oppofite part, an Electricity of 
the fame kind with that of the electrified 
body ; we alfo obferved that thefe two Elec- 
tricities increafe, as the O)ndu£tor comes near 
to the electrified body, and that when the 
Condudor is arrived within the ftriking. dif- 
tance of that body, a quantity of Eleftricity 
flies off from the latter ; forces its way through 
the intermediate air, andj ftriking upon the 
former, renders it throughout poflefled of the 
lanie EleCtricJty. Thcfe efFeds are in a ccr- 
tain degree alfo obfervable when an EleCtric, 
inftead of a Conductor, is prefented to an 
electrified body ; for the eleCtric will alfo ac- 
quire on different fides, contrary Electricities : 
thefe Electricities increafe, as the diftance de* 
creafes ; but, if at laft a fmall quantity of- 

Elec- 



OF ELECTRiCiTY. 51 

Electricity is communicated to the Eledric, 
that Eledric will not become throughout pof-i 
fefled of one Eledricity, but will ftill, in fome 
cafes, fliew different Eledtricities on different 
(ides, and in fome circumftances many re- 
peated changes from pofitive to n^g^^^ve Elec- 
tricity may be obferved upon the fame Elec- 
tric, as will appear from the following expe- 
riment. 

If the end of a pretty long glafs tube be 
prlefented to a body eledrified, for inftance 
pofitively, the tube will be found eledrified 
pofitively alfo for the fpace of one or two 
inches at that end ; but, beyond that fpace, 
will be found two or three inches electrified 
negatively; after that, another pofitive Elec- 
tricity will appear, and fo alternately, a pofi- 
tive and a negative zone will follow one ano- 
ther, always weaker and weaker in power, 
till at lafl they quite vanifh. Now the caufe of 
thefe effeds is always to be deduced from 

the two above-mentioned principles, i. e. the 

. . . ' ■ . • 

non-condudling quality of an Eledric, apd 
the property of bodies in general to acquire 
an Electricity contrary to that poffefTed by 
another contiguous electrified body : fo in the 

E 2 iboN^ 
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above experiment, that end of the tube- which 
was prefented to the body eledrified po{itively^ 
before it received any Eledbricity from that 
body, appeared negative on the part prefented 
to it, but after it had received fome Eledri- 
city, appeared to be pofitive no further than 
that Eleftricity could be fpread over its fur- 
face, but beyond that place a part of the tube 
appeared to be negative, on account of its 
contiguity to the part eleftrified pofitively ; 
after that, another place appeared to be pofi- 
tive, becaufe of its contiguity to the part elec-» 
trifled negatively, and fo of the fubfequcnt 
changes ; and the pofitive Electricity of one 
part of the tube cannot mix with the adjoin- 
ing negative part fo as to prevent thefe ap- 
pearances, becaufe the non-conduding quality 
of the glafs will always hinder fuch an eflfcd: 
from taking place. 

If to one fide of an Eledtric fufficiently 
thin, as for inftance a pane of common win- 
dow-glafs, a plate of fealing-wax, &c, be 
communicated one Eledricity, and to the op-, 
pofite fide be communicated the contrary, 
that plate in that cafe is faid to be charged^ and 
the two Electricities can never come together, 
I except 
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except a communication of condudling fub- 
ftances be made between both fides, or the 
Eledlric be broken by the power of electric 
attradion. When the two Eledricities of a 
charged Eleftric are by any means united, and 
therefore, their power deftroyed, that Elec- 
tric is then faid to be difcharged^ and the a<a 
of union of thefe two oppofite powers is, for 
a reafon hereafter to be mentioned, what is 
called the ekdlric Shock. 

In order to avoid the difEcuhy of commu- 
Tiicating Eledricity to an ele£tric plate, it is 
cuftomary to coat the fides of it with fome 
condu6nng fubftance, as tin foil, gilt paper, 
&c. by which means the charging and dit 
charging becomes very eafy ; for when the 
Electricity is communicated to one part of 
the coating, it is immediately fpread through 
all the parts of the Eledtric that are in conta<3: 
with that coating, and when the Eledric is to 
be difcharged, it is fufficient to make a con- 
duding communication between the coatings 
of both (ides, in order to difcharge entirely 
the Eledricities of thai Eledtric. 

E3 It 
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It will be readily under ftood why the coat- 
ings of both fides of an Ele^ric fhould not 
come very near one another towards the edge 
of the plate, for then a communication be* 
tween the fame coatings is ready at hand, and 
although they do not abfolutely touch onq 
another, yet when they are eleftrified, the 
Eleftricxty will eafily force a paiTage through 
the air, and, by paflSng over the furface of the 
Eledric from one coating to the other, rea- 
ders it incapable of receiving any charge*. 

By means of charged Eledtrics, we may. 
fee a difplay of the greateft powers of Elec- 
tricity ; we can accumulate this power, and 
ufe it advantageoufly iri different experi- 
ments. By confidering the properties of a 
charged Eledric, we become further and 
better acquainted with this fcience, than by 
any other means, and for the enumeration 
of thefe properties the following chaptef ig 
employed, 

* The property of coiidufling the Electricity over 
the furface is fo remarkable in fome kinds of glafs, that 
Ihey are on this account abfolutely unfit for the purpofq 
of charging and difcharging. 

CHAP, 
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CHAP. VII. 

Of charged EkSiriaj or the Leyden Phial. 

IF a glafs plate, whether fmooth, or, rough, 
is coated with fome condu£ling fub- 
ftance on both fides, fb that the coatings 
do not come fo very near the edge of the 
glafs, as to render it unfit to be charged, 
and if to one of thofe coatings be commu* 
nicat^d fome Eledricity, the other coating, 
while communicating with the earthy or with 
a Aifficient quantity of conducing bodies, 
acquires by itfelf an equal quantity of the 
contrary Eledricify ; but if whilft one fide 
ift acquiring Electricity, the oppofite fide 
dbes not communicate with the earth, or 
with a fufEcient quantity of conducing 
fubftances, the glafs cannot be charged. 
Now the reafon why when one fide of the 
glafs is receiving one Eledricity, the op-^ 
pofite fide acquires the other, is the fame 
as obferved in the preceeding chapter, /. e. 
the property of bodies to acquire an Eleftri-^ 
city contrary to that polTefled by a contigu- 
ous eledrified body; and the caufe, that 

E 4 . hinders 
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hinders thefe two ElcAricitics from mixing 
together, is the interpontion of the glaf^ 
plate, which is impermeable to Elcftrici- 
ty * ; but if the charge is too high, and the 
glafs plate too thin, then the great attrao 
tion, between the two diflFerent Eledrics, 
forces a pafTage through the glafs, difcharges 
it, and fenders it un6t to receive another 
charge. 

* 
Thefe cfFeSs happen in the fame manner 

if the glafs be not in the form of a plate^ 
but in any other (hape whatfocver, provid- 
ed it is fufiiciently thin, it being not the 
form, but the thicknefs of the glafs, that 
makes it more or lefs fit to be charged i and 
the thinner it is, the greater charge it is capable 
of receiving j for the ftronger in proportion is 



* This remarkable property of Eleftricity waj firft 
obferved at Leyden with a bottle containing fome water, 
which ferved for the infidjc coating, and the undefigne4 
application of the hands on the outfide ferved for anothe^ 
coating. A bpttle cpated 6n the infide y\d outiide for 
the purpofe of being charged, has from thence been called 
the Leyden Phial^ otherwife an eleHrie Jar j and the 
charging and difcharging in general, of cpated gla|3, h^ 
been called the Liyden Experiment. 

the 
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the power of the Eledricity of one fide, to 
caufe a contrary Ele£triicity on the oppofite 
fide. 

How thick a glafs plate or other EIe£tric 
fliould be, to become iAdapable of being 
charged, hath not yet been afcertained^ 

If a coated glafs plate, or phial, after 
being charged, be infulated, and only one of 
its fides be touched with fome Condudor, 
that fide will not part with its Elediricity, 
becaufe the Eledlricity of one fide exifts in 
Gonfequence of the contrary Eiedtricity on 
the oppofite fide, ^nd both, by their mutual 
attra<9tionf confine one another upon the fur* 
fiice of the glafs. In order therefore to dif- 
charge that glafs, both its coatings mud be 
touched at the fame time, and conneded 
with the earth : or by means of fome G)n- 
du£tor a communication mufl: be made be- 
tweei^ them^ and in this cafe the difcharge is 
fgid to be made (hrpugh that Con^udor. 

When, in order to difcharge a jar, one of 
its coatings is touched firft with a G)ndu£l:or, 
as for ^nflance, with one end of a chain» 

nothing 
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nothing particular in that cafe will appear * 
but as foou as the other end of the chain 
comes within a fufficient diftance of the 
other coating, a fpark will be fcen between 
the end of the chain, and that coatings ac« 
' companied with a noife^ &c. jufi as when ao 
excited EleiOrk, or an eledrified Condu^or 
is made to communicate with another Con- 
duuSior; hxji the power,, the light, and the 
report is in general: much greater than that 
of a fpack taken from a body fimply dec* 
trified. 

It is iremaiikable that the fpark occafioned^ 
by the difcharge of charged Eledrics, al^ 
tiiough it is more denfe,.inore powerful,^ and 
makes a greater report,, yet is not fo long aa^ 
the fpark drawoi; from an eledrified Con*- 
dud;or. 

* If one coating of a, charged jar comniunicates witi^ 
the earth while the other coating is expofed to. the free 
air for fome time, the charge of that jar will be. filently 
and gradually diffipated ; for while the Elefiricity of one 
fide goes to the earth, the Eledlricity of the other is com- 
municated to the air ^ whicb^ at we obferved before, is 
never a perfe<^ Ete&ic. 

When 
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Wh^Q the 4^<^barge of a js^r i^ made 
thrQV§;h the. body qf ^ living minimal, it oc- 
cations a fudden motion by contradliAg tb? 
mufclesi through which it pafles^ and give^ a 
difagreeable fenfation* for which reafon the 
^.flFe(^ of difcharging an ekSric jar has lj>een 
gcaewlly called the ekdlrk Shocks 

The force of the. eleiftric fiioclf:, opcaii^Qned 
by glai^<?s of the fa^e thicknefs> is greater 
01 l^fs in proportion to the quai^jtity ojf coat- 
ed furface» and the height of the charge. 
Upon' this principle, the power of the laid 
(hock, by increafing the quantity of coated 
glafs, may be augoiented at pleafiire, provid- 
ed m^ans be pfpd ppwerful. enopgh to charge 
it. 

f^ aumber of coajted jars connp(3;.ed toge- 
ther iA fuch manner that their whole force 
zpay be united, and ad like oqe jar^ conftitutes 
what is called an tleSirsicai Battery. This 
battery is the moft formidably* and entertain- 
ing part of an el^drical apparatus, and by 
its ufe many wonderful effeds are produced, 
but as the performing of thefe belongs 

rather 
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rather to the pradical, than to the prcfent 
part of this Treatife, I fhall only enumerate 
them in this place, and rcferve further par- 
ticulars for the third part of this work. 

In making the difcharge of an eleftricjar 
it is furprizing to obfcrve with what quick- 
nefs the Eledricity performs the circuit from 
one fide of the glafs to the other^ It has 
been found to employ no perceivable time in 
going through a O)ndudlor of feveral miles, 
which conneded the two coatings of a 
phiaK 

The force and noife of an eleftric fhock is 
not/affefted by the inflexions of the Con- 
dudtor, through which it goes, but it is fen- 
fibly weakened by its length ; hence when 
the circuit, /. e» the communication be- 
tween the two fides of the eledric phial, is 

■ 

made by one perfbn touching one fide with 
one hand, and the oppofite fide with the 
other, the (hock is ftronger than when the 
circuit is formed by many perfons together 
joining hands, 

That 
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That the Eledricity finds fome obftrudkioa 
in going through even the beft Condudlors, 
appears evident, from this, that in fome cafes 
it will prefer a fhort paffage through the air» 
to a long one through Condudtors, even the 
moft perfedl. This obftrudion is greater in 
that place, where the Conductors, forming the 
circuit, do not lie in perfed contad; ; and if 
the circuit being compofed of Conduftors of 
diflPerent natures, the Eledricity be obliged to 
pafs from one Conductor to another lefs per-. 
feCt, the obftrudion is ftill greater. If the 
interruption of a circuit be made in water^ 
on making the difch^rge (notwithftanding 
that the water is a Condudor) a fpark will 
be feen in it, which never fails to agitate 
the water, and often breaks the veflel that 
contains it. 

A ftrong (hock, fent through an animal 
or a plant, puts an end to animal as well 
as to vegetable life. If the circuit be 
interrupted by one or more Eledlrics, or 
imperfeiS: Condudors, of a moderate thick- 
nefs, the eleCtric fhock will break them, and 
in fome circumftances difperfe them m every 
direction, and in fuch a manner as if the 

force 
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force proceeded from the center of every one 
of the interpofed bodies *. 

A ftrong fliock, fent through a flender piece 
of metal, makes it inftantly red-hot, melts it, 
afid if the fufion is perfect, reduces it into 
globules of different magnitudes. If the me- 
tal be inclofed between 'pieces of glafs, the 
' fhock, by melting it, will force it into the 
fubftance of the glafs, fo that afterwards it 
cannot be taken off without fcraping part of 
the glafs with it. In this experiment the 
glaifes are fhattered to pieces, and it is feldom 
that they refift the force of a ftrong fhock, 

1 

If the glafTes, inclofing the metal, be preffed 
by heavy weights, then a remarkable fmalt 
fhock is capable often not only to raife the 
weight, but to break fuch thick glaffes, that 
otherwife require the force of a large battery, 

♦ In feveral inftances the efFe<El of a (hock upon an 
interpofed body is evidently greater on that fide of it which 
communicates with that coating of the jar or battery, that 
is poflefled of the pofitive Eledlricity, But of this mort 
win be faid hereafter, 

3 Thick 
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• 

Thick pieces of glafs may be alfo broken into 
innumerable fragments by only fending a 
fliock over a fmall part of their furface, which 
are prefTed by weights, without the interpoli- 
tion of any metal. When thefe pieces of » 
glafs arc not broken, they are marked by the 
cxplofion with the moft lively prifmatic co- 
lours, which lie fometimes confufed, and 
fometimes in their prifmatic order. The co- 
loured fpot is evidently formed by thin plates 
or fcales, in part feparatcd from the furface 
of the glafs ; and it generally occupies the 
i^ace of about one inch in length, and half 
an inch in breadth. 

In melting wires of the fame metal by the 
eledric fhock, it muft be obferved, that the 
forces required for that purpofe muft be great- 
er or lefs according as the lengths or thickneffes 
of the wires are greater or lefs, but they are 
far from bearing any dired proportion to the 
quantity of metal ; for if a wire of a given 
length and diameter be hardy melted by a 
large battery, a wire of equal length and 
twice the fubftance, would perhaps take ten 
fuch batteries to produce the fame effeft upon 

it. 

When 
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When a moderate (hock* is fent through 
an imperfeA metal (efpecially if the circuit 
Is formed by feveral pieces, as by a chain), a 
black duft, in the form of fmoke, will be feen 
to proceed from the metal, which is thought 
to be. foine of the metal itfelf partly calciped, 
and, by the violence of the explofibn, forced 
from it. 

If fuch circuit, or part of it, be laid upon a 
piece of paper, glafs, or other Non-condudor, 
this, after the explofion, will be found flained 
with fome indelible marks, and often (hew 
evident figns of having been burnt. A long 
and permanent track may be marked upon 
glafs, and fome other bodies, by the eledhric 
explofion, if the interruption of the circuit be 
made upon its furface. 

What is more remarkable, in confidering 
the efFeds of Eledlricity on metals, is, that 
it revivifies their calces, and, like a true phlo- 
giftic procefs, when an explofion is made be— 

* By a moderate (hock here, I mean, one that is not 

able to melt the metal through which it paiTes. 

tween 
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twecn two pieces of the fame, they, in part, 
return into their metalline form. 

Although we obferved, in the fifth chapter, 
that Eledtricity and Magnetifm did not inter- 
fere with one another's adion, yet that muft 
not be underftood in general, and when a 
large force of Eledricity is meant ; for this 
is capable not only of deftroying the virtue, 
or of reverfing the poles of a magnetic needle, 
but even of giving it that virtue. When the 
charge of ten, eight, and even a lefs number 
of fquare feet of coated glafs is fent through 
a fine fewing-needle, it will often give it 
polarity, fo that it will traverfe when laid on 
water*. It is remarkable that if the needle be 
ftruck, lying eaft and weft, that end of it 
which is entered by the (hock, will after- 
wards point north ; but if the needle be 

ilruck, lying north and fouth, that end 

« 

* A fmart ftroke of a hammer will make a needle 
magnetic : but th,ey (hould always be tried before the 
experiment: for many fmali needles will traverfe upon 
water, without the elediric (hock, or the Aroke of the 
hammer. 



ol 
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of it which lay towards the north, wilU in 
any cafe, point north ; and the needle will 
acquire a ftronger virtue in this> than in the 
former cafe. 

That the eledric fpark (hould kindle in*- 
fiammahle fubflances, I think might be ex- 
pededy when its power has been coofidered 
n many circumftances^ in which it has been 
obferved to ad as a mod penetrating and ex- 
traordinary fire. In firing feveral fubftancea 

afmall ihock is fufficient; and . inflammable 

« 

fpirits may be fired even by a fpark proceed?-, 
ing from an eledlrified Conductor. 

If the moderate charge of a large battery 
is difcharged between two fmooth furfaces. 
of metals^ or femi-metals, lying at a fmall 
diftance from each other, a beautiful fpot will 
be marked upon them. This confifts of, one, 
central fpot, and fome concentric; circles*, 
which are more or lefs diftind, and more or 

* The central fpot as well as the circles lie at a little 
cKftance from one another ; and they are compofed of 
dots and cavities, indicating a true fufion. 



iefs 
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efs iri humbe^ ab(idrdiii|^ ii ttSi metal tipdn 
Which fhey are markedr te^iiires a left or 
greater degree of hfeat to be theltedi and as a 
gteSiter oi* left force iij employed* 

If the *x;plori6il of a- battery, iflUIiig from 
a jointed h6Aj\ as^the poiink of a tieedle, be 
repeatedly taken upoii tile plaih ftirface 6f a 
piece of metal fituated at a little diftande frohi 
the point, or if ifluiiig from the furface, be 

takeh upoii the p6ihti tHat metal will be 

,1 • •«■ • . • 

xftiirtteii with a'fcolotired fjiot, cohlifling of all' 
the prifmatic colours difpofed In circles, and' 
evidently formed by fcales, or thin plates 
of the rtietal feparjitedljjir the force of the ex- 

W'heh the. difchaf^d of a-batteiy'is iriadc" 
by bringing the etidi^ of two Condiiftars,' 
cbjftAu'rttc^irig with the infide^ ahd thcdut- 
fide of the batteiy, iti c6nta£l wltfi,- oit ait a 
iitftle 'dJffanSce frblh' the furface of fcvtjral ' cbti-^ 
during fubftihtes,'* a4 water, ' raw- meat,' &c. 



* Fbl'liirthef particular 'conceit>ing^'tn6recircK?j fe« 
the Phil. Tranf# vol. LVIII; 

Fa & 
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it is obfervable that the Eledricity, inftead of 
entering thofe fubflanceS) goes over their fur- 
&ce9 and in a lucid feparate body reaches 
from Gondudor to Condu£tor ; fometimes it 
prefers a much longer paflfage over the furface, 
to a fliorter one through any fubftance. In 
this cafe the explofion never fails to give 
a concuffion to the body» over whofe furface 
it pafles. 

The explofion, taken in difierent kinds of 
air» ads in general like any phlogiflic pro-*^ 
cefs*. 

Befides the above-mentioned properties of 
charged glafs^ there are a few more obferved, 
which as yet have neither been fuflSciently 
inveftigated, nor fo far purfued as to be re- 
duce under any general laws. They afford 
a great field for fpeculation^ and feem more 
intimately conneSed with the nature of Elec- 
trics in general ; but it feems not proper to 
make any general conclufions from the fadts 

♦ Sec Dr. Priestley's fecond vol. of Obfervations 
on different Kinds of Air, fee. XIII. 

2 already 
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already known, at leafi fo as to be inferted in 
this part of the prefent treatife. I ihall there* 
fore employ a chapter for the hiftory of the 
fame, in which I fhall relate the principal, 
and more promifing experiments hitherto 
made, and take notice of the bed conje^res 
offered for their explanation. This chapter 
will be found at the end of the third part, in 
which place, I thinks it will be more accept- 
able to my readers, particularly fuch, who 
have not been much converfant with Elec- 

m 

tricity, and therefore require firft the defcrip- 
tion of the eledrical apparatus, and the kiyjw- 
ledge of the experiments necefiary to prove 
the fafts recited* 



F3 CHAP 
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G H A P, Vllh 

4 

Of Atmtffbericfll l^kSiric^y^ 

TTTHQEVER has rcmarlxd the ni*« 
yy merous properties cdf £le4);ricity 
already mentioned, and has confidered their 
extenfive power, will, I doubt not, be grejatrr 
ly furprifed, when he comparer the ftatc, ixx 
which the Science remained h^lf a century 
ago, with that in which it is at prefent; but 
his wonder will ftiU incfeafe, when he is told 
that Eledricity is not only to be obferved b^f 
rubbing an Electric, or warming a Tour- 
malin, but that it has been found to exift in 
the air, rain, and clouds : that thunder and 
lightning have been difcQvcred to be it^ 
efFefts ; and ths^t in fliort whatever has the 
appearance of fire, or of any thing extra-r 
ordinary in the atnVofphere, 9.nd upon the 
earth, has been attributed tp Electricity. 

That the efFefls of Eledlricity bore a great 

tcfemblance to thunder and lightning, had 

heen feveral times remarked by philofophers, 

and efpecially by the learned Abbe Nollet ; 

. 'J but 
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but that they fliould actually be faund to be 
efFeds of the fame caufe, and that the phe- 
nomena of Eledricity fliould be imitated by 
lightning) or thofe of lightning by Ele(9:ri- 
city, was neither thought pofliblc, nor fuf- 
pedted, till the celebrated Dr. Franklin 
made the bold aflertion, and the French phi- 
lofophers firft, and afterwards Dr. Frank- 
lin proved the fadl by undeniable arguments 
in the year 1752. 

The fimilarity of lightning and Eledlricity 
is not to be remarked in a few appearances 
only, but it is obfervable throughout all their 
numerous efi^e£ts> and there is not a (ingle 
phenomenon of the one, but may be imitat- 
ed by the other. Lightning deftroys edifices, 
animals, trees, &c. ; lightning goes through 
the heft C!ondudors, which it meets in its 
way, and>,if its paffagc isobftruded by Elec- 
trics, or lefs perfedt Condudors, it rends 
them, and difperfes them in fcvery diredion ; 
lightning burns, and melts metals and other 
fubflances ; a flroke of lightning often dif- 
turbs the virtue of a magnet and gives pola-* 
rity to ferruginous fubftances ; and all thefe 
effects, as has been obferved above, may be 

F 4 pro- 
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produced by Eledricity. But independent of 
the great fimilarity exifting between light- 
ning and Eledlricity ; what fully proves their 
identity is, that the matter of lightning may 
be actually brought down from the clouds 
by means of infulated and pointed metallic 
rods, or by eledrical kites, and with it any 
knpwn eledrical experiment may be per^ 
formed, 

Qouds, as well as rain, fnow and hail, 
that fall from them, are almofl always elec- 
trified, but oftner negatively than pofitively ; 
and the lightning, accompanied with the thun- 
der, is the effeft of the Eledtricity, which, dart- 
ing from a cloud, or a number of clouds, 
highly eledrified, ftrifces into another cloud, 
or elfe upon the earth, in which cafe it pre- 
fers the moft lofty and pointed places, and by 
this ftroke produces all thofe dreadful efFedls, 
that are known to bip occafioned by light- 
ning. 

The air, at fome diftance fromhoufes, trees, 
mafts of (hips, &c. is generally electrified 
pofitirely, particularly in frofty, clear, or 
foggy weather j but how the air, the fogs, 

and 
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and the clouds become eledtrificd haft not yet 
been afcef tained, although feveral conjedures 
have been ofFered. 

After that Eledricity, and the matter of 
lightning were found to be the fame thing, 
philofophers began to fufpedt the action of 
Eledirlcity to be where it had before been lefs 
imagined^ and not without reafon endeavour- 
ed to reconcile to it feveral other natural ap- 
pearances. The aurora borealis, or northern 
light, was foon attributed to Eledricity, on 
bbferving that by this that flaming light may 
be imitated*, and that the aurora botealis, 
when very ftrong, has beien known to diilurb 
the magnetic needlefy which is alfo an effect 
of Eleflricity, 

♦ The late Mr. Canton frequently coIIeAed EIcc- 
tricicy in a confiderable degree, during the time of aa 
aurora borealis. His apparatus for that purpofe confided 
of an infulated fifliing rod, ere£led on the top of his houfe, 
and having a wiretwifted round. 



t See the Phil. Tranf. vol LIX. page 88. 



The 
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The accentionsy that are often feen in the 
atmofphere (commonly called /ailing Stars) 
are thought to be eledrical appearances. The 
fame is alfo fuppofed to be the caufe of fuch 
other meteors like white clouds^ that often 
appear by night-time^ particularly in hot cli^ 
mates. Befides thofe phenomena^ water* 
fpoutSi hurricanes^ whirlwinds, and even 
earthquakes have been attributed to £]e<flri- 
city. But nCw, perhaps, the reader will 
think pfailofoj^ers too e^ctravagant, in going 
£> far with Electricity. Such thoughts feem 
at firft fight to be extrav^^gancies, but if it be 
confidered, that th^y do not appear to coa- 
tradi^ the known laws of nature, that they 
are not affertioots dbfolntely void of proofs^ 
add that they are the thoughts of great phi^ 
lofophers, then, I thinks they may be ad- 
mitted at ieaft fo far as to be tried on proper 
occafions, and to be confidered as the moil 
plaufible conjeftures yet offered iii estplaiia- 
tion of the moft furprizing phenomena of 



nature* 



• I 



* For further conjcftures foe Dr. Franklin's Letters, 
and Dr. Priestley's Hift. ofEIcft. Part I. per. X« 

CHAP. 
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C H A P, IX. 

^infimtnges derkie4frQm Ek^ricity. 

^T^TUR£^ eyer wife and admirable ia 
11 hgt a6|ion89 feems to follow a cercaia 
^QEj'Uarity in her works with a conformity of 
operatioASy ^nd from the fimpleil to the moft 
coQpticated of her objo^^s an analogy i« 

obfervable, which, as it is wonderful to be 
confidered, fo it is inflru£tive and ufefuL It 
ie 01)^ account of this analogy, that whenever 
a di&Qvery is oiade in any part of natural 
philofpphy ; whenever a fcience ia advanced^ 
we ooiL only attain to the knowledge of that- 
&E)gle laWf or particular fcience, but. at the 
&j9)e time acquire means in general of in- 
vofiigating the operations of nature with 
ibiSif^what more certainty and accuracy , and 
by purfuing. that analogy we are enabled to 
make^ further difcoveries, and to improve 
^vciry br^ch of knowledge^ How far Elec- 
tricity has contributed towards this purpofe^ 
Itbiokitunaeceflary to be ^further proved, 
'viheu its a£lioa has been (hown to be fo 
^general, ai»d fa powerful a^ta. perform what 
I no 
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no art can operate. But, befides the field 
that £le6trlcity has opened for further difco- 
veries, and the fatisfaftion of that curiofity, 
which before attended the contemplation of 
{6 many wonderful phenomena as have been 
explained in this fcience, there are two 
great advantages derived from Eleftricity; 
the one is a defence againft the direful eflFe6^s 
of lightning, and the other a remedy for 
mady diforders incident to the human bo« 

In order to guard edifices or ihips jfironi 
being damaged by lightnings it was judici-* 
oufly propofed, by Dr. Franklin, to raife a 
metallic Condu£i:or fome feet above the high« 
eft part of the building, and continue it down 
the wall till it penetrated fome feet into the 
ground ; by this means, the houfe could never 
receive any damage, for whenever the light- 
ning (hould happen to fall upon it, it is evi« 
dent that the Condu6tor, being of metal, and 
higher than any part of the building, would 
certainly attraft it, and by condu6ting it to 
the ground, hinder that building fronl re- 
ceiviiig any damage, for it is known that 
Ele^icity always ftrikes the neareft and 

beft 
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beft Gondu6tors, that it meets within its 
way. 

The reafonablenefs and truth of this afTer- 
tion has been confirmed by ntjmberlefs fa£ts, 
and the pra£lice of raifmg fuch Conductors 
has been found exceedingly "ufeful, particu- 
larly in hot climates, where thunder-dorms 
are very frequent, and the damages occafion- 
ed by the fame, too often experienced. 

In regard to the feonftruftion of fuch Con- 
ductors there have been fome controverfies 
among £le<5tricians ; and the mpft advanta- 
geous manner of ufing them has not, with- 
out a great many experiments, and but very 
lately 9 ; been afcertained. Some philofophers 
have aflerted that fuch Conductors (hould 
terminate in a blunt end, that they Tnight the 
lefs invite the lightning from the clouds ; for 
a blunt end will not attraCt Ele6lricity from 
(6 great a ^iftance as a fharp point. But fome 
other philofophers have thought a pointed 
termination to be much preferable to a blunt 
one, and their affertion feems,on the following 
accounts, founded on much better reafon- 

A fharp- 
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A fharf>-pointed Coadu6lor, it is true< wilt 
attra6l Electricity from a greater diftance thaii 
a blunt one, but at the fame time, will attract 
and conduA it by little and little, 6i rather 
by a continued ftream, in which manhi^i^ a te- 
jinarkably fmall Conductor is capable df con- 
ducting a very^ great quantity of Ele^kridty ; 
whereas a blunt terminated ConduCtor attraCls- 
the Ele6iricity in a full feparate body* or 
explofion^ in which manner it is- often ihadtf- 
red-hot, melted, and even exploded in 
fmoke, and by fuch a quantity of Elc6trifcityj 
as perhaps would not have at ail affeC^d it) 
if it had been iharpfy poihted» 

A fliarp-pbiiited Cohduftof , certainly, • in* 
vites the matter of lightning eafier than a^ 
blunt one^ but to invite, receive, and conduct 
it in fmatl quantities never endanger^ the 
CbnduCtor ; and the object of fixing a Con-- 
dudlor to a houfe, is to proteft the houfe 
from the efFeCts, and not the G>ndu£tor 
from tranfmittihg the lightning. 

It is an obfervatiott much in favour *of fliiaTjpfc* 
pointed Conduftors, that fuch ftee^lfes' 6f 
churches, and edifices in general, that are 

tcr- 
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taemiuutted by poiiited metallic Qmamcntdf. 
have never> or v.ery fel<iom, beeo known, to 
he (truck by ligbtoiog) whereas others that: 
have fiat or bhint termmatioast and have a. 
great quantity. o£ metal in a mannec^ infulated. 
on their tops^. ane often fbuickhy it» and Lt 
is but feldom thattthey efcape: wixhout great: 
4amagev / \ 

• » * 

Befides thofe confiderations, a.fharprpointi* 
ed CiondQdort by the fame property, ofuttrafb* 
ipg Ele^icity; more than a blunt onc^ may 
a^ually prevent a^flrok&of ; lightning^, . to da^ 
which a blunt-ea dedlone is abfblutoly iofiar*^ 
pabk. 

* 

AtG)ndu(3:or thc^cfere to guard aihnildiiig^. 
z^: itis; now commooJ^n ufed in confequencc: 
of: feveral . confiderationa^ , and : experiments, . 
ihould.confift ofroaei iron rodf' about three. 

« 

*^Tius ii{i4.othtr pcQp(rties;oC poimediCoodoaors wiO 
be.,inj^lf ^o apip^ar very ^yjuiopUy by ej^^ 

f Copper would do much better than iron for a Con- 
dvdor^ itteing.4inoiit>piKAftCdiidii^ 
and^t«cbe&ine tUQooot^beirtg^ubjsA tocpntrtA^ruft Hkis* 

iron, . . '■; 

quarters 
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quarters of an inch thick, faftened to the 
wall of the building, not by iron cramps, 
but by wooden ones. If this Conductor was 
quite detached from the building, and fup- 
ported by wooden poils at the diftance of one 
or two feet from the wall, it would be much 
better for common edifices, but it is more 
particularly adviiablefor powder-magazines, 
powder-mills, and all fuch buildings as con- 
tain combuftibles ready to take fire. The 
upper end of the G)ndu£tor ihould be termi- 
nated in a pyramidal form, with the edges, 
as well as the point, very (harp^ ; and if the 
Condu£lor is of iron it ihould be gilt, or 
painted for the length of one or two feet. 
This fharp end fhould be elevated above the 
higheft part of the building (as above a ftack 
of chimnies, to which it may be faftened) at 
leaft five or fix feet« The lower end of the 
Condudlor ihould be driven five or fix feet 
into the ground, and in a direction leading 
from the foundations; or it would be better 
to conned it with the neareft piece of water, 

* This, pyraooiidal temunadon of the Condudor is in 
imprpyemtot of pa ingenious Eledridan, Mr, SwiVT 
Ht Grtmwich, 



if 
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if ahy be iX haiid. If this Condudor, on 
itooount df the difficulty of adapting it to the 
/ form of thie building, cannot conveniently 
lie made of orfe rod, then care fhould be 
lakeii^ that where the pieces meet, they be 
Kkad^ to come in as perfeQ: conta6t with 
put ftftothet" 4S poflible ; for as we obferred 
before, Ete^lricity finds confiderable obftruo- 
tioii whtt*e the Conduftor is interrupted. 

For titi edifice of a moderate fize one Con- 
duftor, in the manner already defcribed, is 
perhaps flifficlent ; but, in order to fecure a 
large building from fuilaining any damage 
by lightning, there (hould be two, three, or 
hiore Cofiduftorsj in proportion to the extent 
of the bu tiding. 

Cki board (hips a chain has often been ufed. 
for this purpofe^ which, on aecount of its 
pitablenefs, has been found very convenient, 
and eafy to be managed among the fig- 
ging of the vcffd J but as the Elearicity 
finds a great obftrudion in going througtt 
fM Icrcral fmRs, fot #B1ch t^^^ chains 
hlfvfe t^efen afttiilty broken by the l%hthlfag, 
fb th«r uie has n6# been abnQft kitkely 

G laid 
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' laid afide, and in their flead^ copper wires i 
little thicker than a goofe quill have bieen 
fubftituted, and found to anfwer very welL 
One of thefe wires ihould be elevated two or 
three feet above the higheft maft in the 
veffel ; this fhould be continued doWn the 
maft, as far as the deck, where, by bending, 
it fhould be adapted to the furface of filch 
parts, over which it may moft conveniently 
be placed, and, by continuing it down the 
fide of the veflfel, it fhould be always made 
to communicate with the water of the fea. 

« 

In regard to perfonal fecurity in cafe that 
a thunder-ftorm were to happen while a 
perfon is in a houfe not furnifhed with a 
proper Condudor, it is advifeable not to 
fiand near places where there is any metal » 
as chimnies, ' gilt frames, iron cafements, or 
the like ; but to go into the middle of a 
room, and endeavour to fland or fit upon the 
beft Non-*condu£l:or that can be found at 
hand, as an old chair, a flool, &cc. /^ It is 
.*« flill fafer (fays Dr. Franklin) to bring 
•* two or three matraffes or beds into the 
f * middle of the room, and folding them up 
^* double, put the chair upon them ; for they 

" not 
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** iiOt being fo good Condudors as the w^lls, 
** the lightning will not choofe an interrupt- 
•* ed courfe through the air of the room and 
** the bedding, when it Can go through a 
** continued better Conduddr, the wall. But 
** where it can be had, a hammock or 
** fwinging bed, fufpended by filk cords^ 
*f equally diftant from the walls on every 
** fide, and from the ceiling and floor above 
*' and below, affords the fafeft fituation a 
*' a perfon can have in any room what- 
** ever, and what indeed may be deemed 
** quite free from danger of any ftroke by 
*^ lightning.'* 

If a ftorm was to happen whilft a perfoil 
is -in the open fields, and far from any build- 
ing, the beft thing he can do is to retir6 
within a fmall diftance of the highcfl: tree 
or trees he can get at ; he muft by no means 
go quite near them, but fhould ftop at about 
fifteen or twenty feet from their outermoft 
branches ; for if the lightning fhould fall 
thereabout, it will very probably ftrike the 
trees ; and in cafe a tree was to be fplit, he 
19 fafe enough at that diftahce from it. 

G 2 In 
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In regard to the other great ufe of Elec- 
tridty^ /• e. its application as a medicine^ 
there have heen fo many opinions pro^ and* 
contra^ and the event in general of the in- 
numerable trials has been fo precarious, that 
to give a juft eftitnate of its power feems to 
me very difficult. The innumerable cures 
performed by the application of Eleftricity^ 
that are related by feveral writers, feem to re- 
prefent it as a panacea for every diforder : 
on the other hand, the unfuccefsfulnefs of 
other attempts, and which (although feldom. 
recorded) are the more numerous, lliow its 
inefficacy, aqd iiuitility : if therefore a de- 
cifion fhould be given on the refult of all 
thofe cafes, Eledbricity fhould be confidered 
as the moil ufefuU and ufelefs remedy in the 
whole materia tnedica. 

In order however to fatisfy more fully the 
curiofity of the reader about this important 
fubjedt, I fhall here fubjoin two cafes, in 
one of which, related by Dr. Hart of 
Shrew(bury, the application of Eledricity 
proved very pernicious, and the other is a 
moft remarkable inftance of its good effeft* 
In regard to the firft cafe it is thought by 
I fome, 
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i]bme, that Eleibricity was injudicioufly ap- 
plied ; but of the veraijity and juft treatment 
jof the recoa4 the reader can have no doubt, 
for it was executed by |he celebrated Dr. 
Watbon, a gentleman, who is both an ex* 
cellent phyfjciap, and gne of the gpeatpft 
£.le)£i:rictan$. 



CASE L 

^^ A young girl, about fixteeq, whofe 
^^ rigl^t arm was paralytic, on being ere^L-r 
** fied the fecond time, became univorfally 
^^ paralytic^ and remained fo aboyt a fort* 
^^ night, when the increafed paify was rc-p 
^^ moved by ^nedicines, which her cafe indi-« 
f^^tedj but the 6rfl dife^fed firm remaijQi^ 
^^ as before ; I (houid have mentioned fioQ^ 
^^ that thk arm was greatly wafted, in PMOr- 
♦* parifon to the other. However, nptwitht- 
^* ftandiog the former bad accideof, I h^ a 
^* mind to try tl^e effed of Elcdricity on he? 
♦* ^gain, which we renewed ; ^ndi» aftef 
** about three or four days ufe, fhe became 
^* the fecond time univerfally paralytic, and 
** even loft her voice, and with diflSculty 
«« could fwallow. This confirmed me in my 

G 3 *' opinion, 
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^' opipion, that the electrical fliocks had oc-* 
^* cafioned thefe fymptoms. — We therefore 
*^ omitted it, and the girl, though fhe grew 
" better of her additional palfy, for fo I call 
" it, remained as bad as before of he^;^ 
"firft*.'^ . 



CASE II, 

A girl belonging to the Foundling Hof- 
pital, aged about feven years, being firft feifed 
with a 4iforder occafioned by the worms, 
was at laft, by a univerfal rigidity of the 
mufcles, reduced in- fuch a ftate, that her- 
body feemqd riather dead than alive.- After 
that other medicines had been ineffeftually 
adminiftdred for aboiit one month, fhe was 
at kft electrified intermittedly for about two 
moirths, after which time fhe was fo far re-; 
covered, that fhe could, without pain, exercife 
evety^ ftiufcle of her body, and perform 
every- aClion as well as before fhe had the 
diftemperf i 

5 fr-PhU. Tninf. , Vol. XL VIII. 
t Phil. Trani;,,Vol. LIII. • 

' ■■ ' ' When 
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When I alk perfons that have trie^Elec* 
city upon themfelves, or upon others, it is 
ten to one, but they inform me, that it affords 
ibme relief in fome diforders, but it is not 
a ^medy to be depended on, or to be ge* 
nerally ufed ; for patients, they fay, do not 
like to fubje6t themfelves to a long, uncer- 
tain, and (on account of the fhocks) trou- 
blefome treatment; befides, the eleftrical 
machine will not always aft well, and the 
turning of the wheel, for the fpace of an hour 
or longer, is not a very pleafing employment 
even for a fervant. 

To all thefe objeftions^ a philofopher 
would anfwer, that it is not every' diforder, 
nor every temperament that requires an equal, 
or perhaps any application of Eledlricity. 
That Eleftricity has been of great benefit- 
in many cafes, where the application of 
other medicines has failed, is beyond doubt, 
and, if two oi- three equivocal cafes be ex- 
cepted, there is no inftance of its having 
ever done any harm : its inefficacy in feveral 
cafes is in a great meafure to be attributed to 
the injudicious application of it, indeed more 
than to any other caufe ; for, in* general, 

G 4 this 
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this remedy has beep adminlftered eitlxer hj[. 
Eledricians, who were not phyiician^ or by: 
phyficians, who were! little if at all {killed in 
£le£lricity. In regard to the trouble, ^a 
attending it$ admii^iflratio^, it would b4 aff 
ridiculous to alledge it in proof of its waQ^ 
of utility, as it would be. to degrade thq 
knowledge, and adyancemei^ of Ele^ricity 
on aocount of the expences that attend tbc 
purchafe of an ele^rical apparatus. If or ^ 
few pence a man may be hired, who will 
work the machiqe as long as it is ne^ceilary, 
and be; thankful for the ^mploymeiit j but, ii^ 
order to obviate this inconvenience, an elec- 
trical mchine. .0 «* by ^ by v««r. 
or by a horie, m^ht \>c eafily conftru^ed, 
with an infulated floor, or rqom ; and with 
fuch a machine a vaft number of patient^ 
might be very conveniently eledtrified. 

After all thefe difijuifitions, that the read- 
er may form a.juft idea of the medical ufcs 
of Electricity, I (Kail in fhort give the 
refult of what fcems well authenticated by 
fafts and reafoning under the following pa- 
ragraphs, and referve the pra^Stical ufc for the 
third part. 

The 



cef taiii «IFe£is of Ele^icity, wbcfi 
ijc»^4 to tlxe hiupaii body, arc »Pk>^ 
pQtipi^ qf tbe iafeatihk pf rfpiratioa, aa io? 
cT'Cafe of tbe i^rculatioa of the Uop^^^ aii4 
A9 ioepi^ of .gi»««lva«r Ipcr-etion. 

Thefe cffcfts have been found always con* 
ftant ; they may be proved by feyeral expert 
menu iiidt^iidj^it of phyfical cafes; and I 
Xb^^ ^fbetfi h no body, who will 4«iiy that 
A^ pKK^tiiqns ^e not oplf benegf^U buc 

i^ltfCttly i)«Q^^ry for n^ay difordo-s. 

In rqgf^^ tQ the obfetvataoos made by phy* 
iiciaQS in the appUqatiop pf this remedy^ it 
muft be acknowledged th^t among the dif- 
ferec^ c^fe^i there ai^ fev^raL which are 
related by perfom of great venacity ; they 
feem to b? well authenticated, and therefore 
their jeduk .fhoiild be carefully confidered. 
Thdc fa^s fhow that Elcftricity, except it 
be adminiftered to perfon$ affe^ed with the 
A^nef eal difetafei or to pregi^aot women, ge^ 
nei;al^y giviui fome relief at leafi, if it does 

* It has been fonsid hy vegr acc^tale evpcrimenu that 
Eledricity, a>nuiiuiucated totbo bumanibo^ys increafes thf 
circ^Iatiop of the blood 4mui( we i^^Ui. 

not 
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not cflFeft a total cure. For the apoplexy, 
the palfy, the dropfy, coldnefs in the feet, 
fiftula laciymalis, rheumatifni) mortification» 
amaurofis or gutta ferena, and in fhort for 
all other diforders occafioned by obflru^ions, 
or contraflionS) £le6tricity has been found 
beneficial^. 

^ It ha8 often been obferved in paralytic 
cafes» that the patients have in general re- 
ceived ibme relief after being electrified four 
or five d^s ; but that - afterwards^ . finding 
nothing further could be obtained^ they dif- 
continued the application of this remedy, and 
in ihort time relapfed. 

In regard to this, it might be obferved, 
that in fome cafes, there are two kinds of 

. * Abuiidance of phyfical cafes, in \ihich Eledlficity 
has been applied, may be met with in almoft every 
writer on Electricity, but efpecially in Jallabert's 
Experfmenta EleClrica, Lovett's Subtil Medium proved, 
Wesley's Deiideratum, or Eledricity made plain and 
ufeful, Ferguson's Introdudion. to EieAricity,- and- 
Becket's Eflfay on Eledricity. Some cafes in which 
Eleftficity has been fuccefsfully applied for the amaurofis 
tfeaifo related in the 5th Vol. of the Medical - Eflays of 
the College of Phyficiansin London. - * » 

ob- 
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obftruftion, or diforders to be confidered; 
one that is the immediate occafion of the 
diilemper, and the other which is in confe- 
quence of the firft. When an obftruftion, 
howfoever originated, happens in any part of 
the body, and continues any confiderable 
time,, it caufeth not only a bad habit in thfe 
flindlions depending on that part, but occa- 
fions a deftruftiori of feveral duds, and even 
a disfiguration of the folids. Now as for 
the firft kind of obftruftion, it is eafy to 
fuppofe that Eleftricity, jirdicioiifly applied, 
will prove beneficial, but to expcft that it 
fhould cure the fecond feems qilite ridicu- 
lous. Therefore, from this confideration as 
well as from the daily experience, we may 
deduce that Elefbricity can have very little; 
pffe&i in cafes of long fianding, ' 



i •! • 



Laftly, I muft beg of my readers to ex-- 
cufe me if in the prefent chapter f have been 
too long, and particular : this comprehend- 
ing one <^ the moft ufeful parts of the fci- 
ence of Eleftricity, I imagine^ it could not 
be treated too fully. Sciences are fo far in- 
terefting as they are ufeful; and it is for the 
ufe, and benefit of human kind that Philodb««'^ 
phers labour; 

CHAP- 
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CHAP. X. 

1 
I 

Containiag a a^mpen^&ous vievf of the principal 

proper tm ofB^kBricity. 

AFT£R the laws Iikberto dlabli£he4 iq 
the Science of Electricity h^ve beea 
fSKhibited ^t large, aqd the p^rtNfuiar^ rer 
lating to each have beeo (ufficWtly coqilder-^ 
Gd» it will aot be amiia to (bow p^ ^aw 
fmall a compafs thofe jaws vaay be reduced^ 
a^d how Q^rrow ^ the foundatipii qf all wh»( 
|ias hitherto been done* 

I doubt not \^ thi9 reeapiunlation wili 
]^ve very ferviccahJc to tbpfe;* w1k> «»g$ 
i^ovices in Ele^r jcify^ ^9 by getting in me- 
mory a few particulars, they will not only 
r^ec^qcile all th^ h$s beoi f^id befbne* but 
alfct be ^labkd tfatemi^lv«s tqi explain moft o£ 

the foUowiflg ^icperi»f »<s^ aiid tQ liind^^Elaa^ 

the a|3|JicatiQn f^ Abe ty¥»l*^ i^ wW^ 
^ £^yi ne3?(t pjwceifd (o xj^^^ 

AH the nsrtural !hodi«s are divided iotta 
two : claflesy i. r. Eki^ics ^d Ckmdu^Qr8. 

£k^ic<i 
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JE.ie£b:ic8 are fuch u may by fome meao^ 
be excited^ fo as to produce Eledrical ap-^ 
pearanceis, but Gotidudors are fuch as can^i^ 
not be excited by themfelYesi /. e. without 
the interference of an Eledric: furtlter^ 
cle&ical fubftaiices will not tranfmit Eledri-^ 
city^ whereas the fubftance of Gondu^6rs is 
pervaded by it^ 

Elet^ic^ m^y be excited three way6, /. e, 
by friflion, by heating and cooling, and by 
melting, or pouring one melted fubftance 
Ato another. 

When two dlfFcrtnt bodies, exctpt tti^y ate 
both Conduftors, are rubbed together, they 
will both (provided that which is a Conduc- 
tor be infulated) appear etedtrifkd, and pofi> 
ieffed of different Electricities ; fo when a 
piece of fmooth glafs is rubbed with an in*'- 
fukted piece of leather, it acquires dne kind 
of Electricity, called the vitreous, pofitive ot 
plus Electricity ; and the infulated leather ac^ 
quires the other^ trailed the refinous, negative 
or minus Ele^ricky* 

The 
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The diflFerencc between thefe two Ele6bi- 
cities confifis principally in the appearances 
of their light, and in the phenomena of at- 
tra£tion and repulfion. 

When the pofitive Eleftricity is entering 
a. pointed body, it caufes the appearance of a 
lucid ftar or globule on that point ; but the 
negative Eleftricity fhows a lucid pencil of 
rays feeming to iffue from the extremity of 
the pointed body. 

Bodies, poffefled of the fame Eleftricity, 
repel each other ; but bodies, poffeffed of dif- 
ferent Electricities, attraft each other. 

Whenever bodies of any kind come with- 
in the fphere of aftion of an eleftrified body, 
except they are very fmall, and infulated, 
they become aftually poffefled of the Elec- 
tricity contrary to that of the eleftrified body, 
to which they are prefented. 

. No Eleftricity can be obferved upon the 
furface of any eleftrified body, except that 
furface is contiguous to an Electric, which 
■ - 2 ^ Eleftric 
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Eleftric can fome haw or other acquire a 
contrary Electricity at a little diftance. 
Otherwife,— no Eleflricity can appear upon 
the furface of any electrified body, except 
that furface is oppofite to another body, 
i?vhich has aftually acquired the contrary 
Elefbridty, and thefe contrarily eleftrified 
bodies arc;, feparated by an EleClric *. 

If 



* On confidenng this principle, It m:ty be a(kcd, why 
any Ele£lricity can be obferved upon the furface of an 
eledrified body, that is infulated at a confiderable diflance 
from' other Condufl:ors ? Or, which is the Electric, 
that is contiguous to the furface of an electrified Con- 
dudor, or excited Eledric, and which has aAually ac^ 
quired a contrary Eledricity at a little diftance from the faid 
furface ? To this queftion is anfwered, that the air is in 

, general the Eleftric, which is oppofite to the furface of 
any eleftrified body, which being not a perfeft Conduc- 
tor, does eafily acquire a contrary Eledricity on a ftratum 
of its fubfiance, that is at a little diftance from the elec- 
trified body ; and in confequence of this ftratum, it ac- 

# quires another ftratum contrarily ele<Slrified, and at a^little 
diftance from the former; to this, other ftrata fuccecd 
alternately poflefied of pofitive and negative Eledlricities, 
and decreafing in power until they vanifti. This aller- 
tion is eafily proved by feveral experiments, that are to 
be defcribed hereafter, but efpecially by tlie experiment 
of the glafs tube, mentioned in the Vlth chapter, which 
(hows that, in general, when an Eledlric, fufliciently 
' ' - denfe. 
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If the re[iul{ion edtiftiiig between 
pbflcfled of thb faiiie kind of Ele^rtetty be 
excepted, all the dtheir electrical phen6men2i 
are occafioned bjr tke paflage of Electricity 
one body to another; 



A confiderable quahtity of Elc€fericity 
exifts in the atitiofphere, and it is ^tainly 
employed for fome g^eat a6tion§ of nature. 

Hitherto EleClbrictty has hot been foiind con- 
terned in aiiy fetmehtatioh, ev^poratiori, or 
coagulation, although the clouds, the r^in^ 
the hail, the fhoS^ and the fog&, are almdli: 
always electrified; 

, . . . . . 
Thefe few lawd, t^ell coiifidered, wilt be 

foiind to contain almoft all that is known Of 

the fiibjeCl:, and if properly applied, they may 

explain mod of the ekperimiiitci that follow; 

ibeHdes what has beeii faid in this part of 
the prefeiit Treatife, there are feveral other 



denfe, is prefented to an dedrififld body, it acqitirel fuc* 
ceffive Sonet y or ftrata of pofitive and negative EMStai-* 
city. 

maxims, 
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maxims, rules, &Ci to be known in Elec- 
tricity; but as thefe refpeft tbe real pra6lice, 
fo they will be occafionally inferted in other 
jplaces, that feem better adapted to their re- 
ception^ 



\ ■ 
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PART II. 

Theory of Electricity. 

C H A P. L 

The Hypotbejis of Pofitive and JN^cgath^ 

EleBricity. 

IT is the bufinefs of Philofophy to colled 
the hiilory of appearances^ and from thefe 
to deduce fuch mechanical laws, as may either 
be themfelves of immediate ufe, or lead to 
the difcovery of other fafts more interefting 
and neceflary for the happinefs of human 
kind. After a number of fuch conftant ap- 
pearances, which are called natural laws» have 
been eftablifhed, and confirmed by a fuflGici- 
ent number of experiments, it is then proper 
to inveftigate the caufe of thofe effedls, 
which if it is once difcovered, and its mode 
of afting is afcertained, puts an end to the 
trouble of experimental . inveftigation, and 
renders the application of its effedls certain, 
and determinate. 

Caufes 
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Caufes and effects are fo intimately con- 
nected and dependant on each other, that 
throughout the fyftem of nature we every 
where difcover ' a feries of energies, which 
whilfl they are depending on, and derived 
from, their preceding terms, are at the fame 
time the caufes of their fucceeding ones; But 
what'^is the firft caufe of all the reft, which 
being not the effeft of any preceding, may 
be called the foufte of all, and the firft term 
in the feries ? In contemplating this fource, 
the mind is loft in wonder, and, after we are 
advanced a few fteps, we find that a cloud 
obftru<^s our further progrefs, and, from 
continuing our inquiry and contemplation, 
nothing more can be derived but an argu- 
ment to prove the imbecility and fhortnefs 
of pur underftanding. It is certain that 
feries either finite or infinite; are not only 
poftible but evidently necclTary and exifting; 
and as far as we can difcern the works of 
nature are all depending ; but is the- feries of 
natural caufes -finite or infinite? This how- 
ever is not the fubjedl of the prefent Trea- 
tife, and all I meant to deduce is, that, 
after the laws of Eledricity h^ve been con- 

H 2 fidered. 
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fidered, it is neceffary that we fhould go a 
little further, and inveftigate, if poffible, the 
immediate caufe of that property in nature, 
or confider the moft probable conjectures that 
have been offered on this fubjedt, by the 
knowledge of which we may explain all the 
known eledrical appearances, and adapt their 
effeds to our purpofes with fomewhat more 
certainty and precifion. 

The vaft number of hypothefes that have 
been framed in explaining the ele£^rical 
phenomena from the infancy of the Science 
to the prefent time may be eafily imagined 
by confidering the great number of labour- 
ers, and the difcoveries that have been pro- 
duced without intermifEon in this field of 
wonders. It would be not only and end- 
lefs work to relate all the hypothefes hither- 
to offered, but alfo an ufelefs one, when they 
have been evidently contradicted by feveral 
experiments, and after they have all givea 
place to the hypothefis of a fmgle eledtric 
fluid, which generally goes under the name 
of Dn Franklin^s. That although this 
hypothefis explains all the known electrical 
appearances, it is however not a demonftrable 

truth. 
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truth, but the moft probable fuppofition, I 
confefs, and in order that a due diftinaion 
might be preferved between the knowledge 
of fads, and the fuppofition of their imme- 
diate caufe, I have feparated the foriper 
froDOL the latter, and followed that method 
which feemed more philofophical and in- 
ftrudtive ; but now to make further apolo- 
gies for admitting this hypothefis at a time 
when numberlefs experiments fpeak clear in 
its favour, would be doing an injury to the 
philofophical world in general, and efpecially 
to the ingenious philofophers that propofejd 
and improved it. I fhall therefore, without 
further preamble, lay it dov^n as it is now 
commonly and reafonably admitted ; and 
fliall ufe it in the explanation of the fol- 
lowing experiments. 

All the phenomena called Electrical arc 
fuppofed to be effedted by an invifible fubtile 
fluid exifting in all the bodies of the earth. 
It is fuppofed alfo that this fluid is very 
elaftic, /. e. repulfive of its own particles, 
but attradive of the particles of other 
matter. 

H 3 When 
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When a body does not fhow any eleftrical 
appearances It is then fuppofed to contain 
its natural quantity of eledric fluid (but 
"whether that quantity bears any proportion 
to the quantity of matter in general, or 
not, is uncertain), and therefore that body is 
faid to be in its natural, or non^eleSirtfiedJiate: 
but if a body fhows any ele£lrical appearances, 
it is then faid to be eledrified, and it is fup- 
pofed that it has either acquired an additional 
quantity of eledric fluid, or that it has lofl: 
fome of its natural fliare. ' A body having 
received an additional quantity of eledtric 
fluid is faid to be overcharged^ or pofitively 
eleSirtfied^ and a body that has loft part of 
its natural quantity of eledric fluid is faid to 
be undercharged^ or negatively eleSirified. 

From hence it appears, why the terms 
pofitive and negative, or plus and minus. 
Electricity came to be ufed ; for the firft fig- 
hifies a real plus, or fuperfluity; and the 
fecond a real minus, or deficiency of the 
quantity of eledric fluid proper to a body. 



Br 
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By this hypothcfis, which is analogous to 
the other phenomena of nature, the eleftrical 
appearances are eafily explained, and there 
is not a fingle experiment that feems to 
contradidt it. Firft it appears that when an 
eledric and a conducing- fubftance are rub- 
bed together, the Eleftricity is not then pro- 
duced, but by the aftion of rubbing one 
body, pumps, as it were, the eleftric fluid 
from the other*, hence if one becomes over- 
charged 

♦ By what mechanifm one body extfafts the cledtric 
fluid from the other is not yet known. The celebrated 
Father Beccaria fuppofes that the aftion of rubbing 
increafeth the capacity of the Eledric, /. e. renders that 
part of the ele£lric, which is adually under the rubber 
capable of containing a greater quantity of eledric fluid; 
bence it receives from the rubber an additional (hare of 
fluid, which is manifefted upon the furface of the Eledric 
when that furface is come out of the rubber, in which 
ftate it lofes, or, as it were, contads its capacity, Signior 
Becca&ia's experiment to prove this fuppoiition is the 
following. He caufed a glafs plate to be rubbed by a 
rubber applied on one fide of the plate, while it was turn- 
ing vertically, and holding at the fame time a linen thread 
on the other fide of the plate juft oppofite to the rubber, 
he obferved, that the thread was not attraded by that 
part of the ghfs, which correfponded to tbe/vibber, but 
by that which was oppofite to the furface of the glafs, 

H 4 that 
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charged with it,- or pofitively eledrified, the 
other muft neceffarily be undercharged, or 
eleftrified negatively, except its deficiency be 
fupplied by other bodies communicating witl^ 
it. From hence alfo appears the reafon, why 
when an eledlric is rubbed with an infiilate^ 
rubber it can acquire but little eledlricity, be-r 
caufe in that cafe the rubber not communicat- 
ing with other Conduftors can fupply the 
eleftric with only that fmall quantity of.fluidj» 
which belongs to itfelf, or ^hich it coUeft^ 
from the contiguous ain 

Eleftric attraftion is eafily explained ; for 
this does not exift, except between bodies 
differently eleftrified, which muft certainly 
attraft each other, on account of the attrac- 
tion exifting betwen the fuperfluous eledlric 
fluid of the bodies eleftrified pofitively, and 
the undercharged mattef pf the bodies elecr 
trifled negatively. 

that had jufl: come out of the rubber ; which (hows that 
the fluid, acquired by the glafs plate, did not manifeft its 
power until the furface of the glafs was come out of the 
rubber. But, query, in what manner does the glafs aug- 
ment its capacity of holding the eledlric fluid by the aflion 
of the rubber ? 

As 
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As to the repulfion exifting betweexi bo- 
(dies pofleffed of the fame Elediricity ; in or- 
der to underftand its explanation thorough- 
ly, the reader muft be reminded of the 
principle mentioned in the preceding part, 
which iis, that no Eledtricity, i.e. the elec- 
tric fluid proper to a body can neither be 
augmented npr diminiflied upon the furface 
of that body, except the faid furface is con- 
tiguous to an Ele6lric, which can acquire a 
contrary Ele^ricity at a little diftance ; from 
whence it follows that no Electricity can be 
difplayed upon the facing furfaces of two 
bodies that are fuflSciently near one another, 
and both pofleffed of the fame Eleftricity ; 
for the air that lays between thofe contiguous 
furfaces has no liberty of acquiring any con- 
trary Electricity. This being premifed the 
explanation of eleftric repulfion becomes 
very eafy. Suppofe, for inflance, that two 
fmail bodies are freely fufpended by infulated 
threads, fo that when they are not eleftrified 
they inay hang contiguous to one another,; 
Now fuppofe thofe bodies to be Electrified 
either pofitively or negatively, and then they 
miifl repel one another, for either the increafecl 

or 
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or diminiflied natural quantity of eleftric fluid 
in thofe bodies, will endeavour to diffiife it- 
felf equally over every part of the furfaces 
of thofe bodies, * and this endeavour will 
caufe the faid bodies ' to recede from each 
other, fo that a quantity of air may be in- 
terpofed between their furfaces, fufficient to 
acquire a contrary Elcftricity at- a little dis- 
tance from the faid furfaces. — Otherwife. — 
If the bodies, poflefled of the fame Electri- 
city, do not repel each other, {o that a fuffi- 
cient quantity of air may be interpofed be- 
tween their furfaces, the increafed quantity 
of eledric fluid, when the bodies are elec- 
trified pofitively, or the remnant of it, when 
the bodies are eleftrified negatively, by the 
above principle, cannot be diffiifed equally 
throughout, or over the furfaces of thofe 
bodies ; for no Eleftricity can appear upon 
the furfaces^ of bodies in contaft, or that are 
very near one another.' But the eleftric 
fluid, by attracting the particles of matter, 
endeavours to difFufe itfelf equally through- 
out, or over the furfaces of thofe bodies ; 
therefore the faid bodies are, by this endea- 
vour, forced to repel one another. 

I think 
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I think it is unncccflary to ihfift further 
upon the above explanation ; for the princi- 
ple, upon which it depends, feems univerfal 
^nd Clear^ fo that it may be eaiily applied 
to explain ele6):ric repulfion in general, as 
well, as the repulfion between the above-^men- 
tioned two bodies. 

T|ie charging of coated glafs, and other 
£le6):r^cs, as well as the other phenomena of 
Eleftricity, may alfo be eafily accounted for, 
by the above-mentioned hypothefis of Elec- 
tricity ; but, I think it unneceflary to enu- 
merate, and account for all the particulars 
in this place, as we ihall have occafion to 
fpeak of them in the explanation of the ex- 
periments in the third part« 



C H A p. 



log A COMPLETE TREATISE 



C H A P. II. 

Of the Nature of the eleSlric Fluid. 

TH E human mind, never fatisfied, after 
the caufe of fome effeds has been dif- 
covered, or only guefled at, attempts to in- 
veftigate fome more intimate quality, and 
even the origin of that fuppofed caufes 
makiilg further fupppfitions, and framing 
other hypothefes, which, by the courfe of 
things, muil certainly be lefs probable thail 
the former. This unlimited endeavour to ac- 
quire knowledge is often too ridiculous to 
be purfued on account of its abftrufenefs, 
and uncertainty, efpecially when the fteps 
immediately preceding the fubjeft in hand 
have but a fmall degree of probability^ It 
is from hence that Philofophers have fre^ 
quently fpent a great deal of time, and trou- 
ble in attempting to difcover the properties 
and caufes of what exifted only in their own 
imaginations. Sometimes, however, when 
a fuppofed exiftence comes fo very near to 
truth, that the moft fceptic Philofopher hefi- 
tates not to confefs the probability of it, or 
when he can invent no argument to evince 
2 the 
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the contrary, then it is not only allowable, 
but neceflary for the bufinefs of Philofophy, 
to purfue the inquiry further, and if no- 
thing elfe can be afcertained, at leaft to pro- 
pofe fpme further conjedlures upon the former 
hypothefis. This now is the cafe in the 
fcience of Electricity, and after we have re- 
related the moft plaufible hypothefis as yet 
offered, /. e, that of a fingle elaftic fluid, 
we come in this place to confider the effence 
of this fluid, in order, if poffible, that we 
might attain to, at leaft, fome probable con- 
je^re, refpe£ling its materials. 

When nothing more than ele£lric attrac- 
tion and repulfion had heen obferved. Elec- 
tricians fuppofed that thefe were efFefled by 
a kind of unftuous eflBuvia proceeding im- 
mediately from the eleftrified body ; but 
when the light, the burning quality, the 
phofphoreal fmell, &c. was perceived to be 
produced by excited Eleftrics, then it was 
naturally fuppofed, that the eleftric fluid 
Was of the fame nature with fire. This opi- 
nion has prevailed much among feveral Phi- 
lofbphers, and it is from hence, that the 
eleftric fluid has been commonly called Elec- 

trie 
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trie Fire. Befides this fuppofcd identity of 
the ele6iric fluid, and the element of fire, 
there have been two other opinions concern- 
ing the eiTence of this fluid ; it having been 
thought by fome to be the ether of Sir Isaac 
Newton, and by others (whofe opinion 
feems to be the mofl probable) to be a fluid 
fui generis^ i. e. diflFerent from all other 
known fluids. 

In order the more regularly to examine 
thefe conjeftures it will be neceflfary to pre- 
mife fomething in regard to the nature of 
fire, at leafl fo much as is fufficient for the 
prefent purpofe. 

The element of fire may be confidered in 
regard to its fpring, to the different ftates of 
it$ exiftence, and to its efFefts. In regard to 
its origin it is commonly fpecified under the 
names of Celeftial, Subterraneous, and Cu^- 
linary Fire ; underflanding by the firft, that, 
wl^ich proceeds from the fun, and by being 
difperfed throughout the univerfe, gives life,, 
and motion to almoft every thing that e^ifts j; 
by the fecond, that, which is the capjC^^of 
yolcanos, hot fprings, &c. and laftly, unfjer 

the 
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the name of Culinary Fire, underftanding 
that, which is commonly produced upon the 
earth, hy burning feveral fubftancet. Thefe 
diftin6lions however are little if at all ufe- 
ful, for whatever be the origin of fire, its ef- 
fe£ts are always the fame. 

In refpeft to the different ftates of its ex- 
igence, the Chymifts know only two; the 
firii obvious one, and indeed that, to which 
only is given the name of Fire, is that ac- 
tual agitation of the particles of that ele- 
ment, which produces the complex idea of 
lucid, hot, &c. that is cotnmonly under- 
ftpod under the name , Fire ; and the other 
ftate is the real principle of fire exifting as 
a conilituent principle in feveral, and per- 
haps all fubflances ; or, that matter, whofe 
particles, when agitated in a peculiar and ^ 
violent manner, produce the common fenfible 
fire. , 

This, which we may call fire in an un- 
aftive ftate, is the Phlogijlon of xhtQhjvoA&s^ 
and is that, which when united in a fufScient 
quantity with other fubftances, renders them 
inllamm:able. That this principle does real- 

4 ^ ly 
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ly exift, is beyond a doubt ; we may trans- 
fer it from one body to another ; we may 
render a body inflammable, which in its own 
nature is not fo, by fupcrinducing on it the 
phlogifton ; and we may reduce a body, na- 
turally inflammable, to a fubftance not in- 
flammable by depriving it of its phlogifl:on. 

Now the cleftric fluid, as far a* we can 
determine, bears but a very fmall refem- 
blance to the above-mentioned two ftates of 
fire ; for although it exifts in difFererit bc>i^ 
dies, as the phlogifton, yet when we com- 
pare its other attributes with thdfe of fire^ 
we then immediately perceive it to be not 
the fame, but a diflFerent principle. In the 
firft place if they were both the fame thing, 
they fliould be always together, and when- 
ever fuch a quantity of fire exifts, there the 
fame quantity of eledlric fluid fliould be 
found, but this is contrary to experiments j 
for a piece of metal or other fubftance may 
iacquire a great degree of heat without ap- 
pearing at all eleftrified, and on thfe otheif 
hand may be ftrongly eledrified without ac- 
quiring by it any fenfible degree 6£ heat, 
or any addition to its phlogifton. Secondly 

fire 
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fire penetrates every known fubftance, and 
an exceedingly fmall quantity of it is diflFufed 
alike throughout bodies of every kind> 
whereas the electric fluid pervades only C!on- 

* 

dufl;ors*. Thirdly the eledric fluid goes 
through a very long Condudtor in a fpace of 
time almofl: inftantaneous, but fire is very 
flowly propagated. I might enumerate fe- 
veral other improprieties attending this hy- 
pothefis of the famenefs of fire, and the elec* 
trie fluid, but thofe already mentioned are, 
I think, fufficient to induce my readers to 
fuppofe otherwife* 

Dr. Priestley, oil obferving that the 
cleftric explofion taken in different kinds, of 
air, ads, in general, like other . phlogiftic 
proceffes, fuppofes that the eledtric mat- 
ter either is, or contains, phlogiftonf . In 
regard to. this, I would obferve that there 
is no neceffity of fuppofing the eleftric mat- 

* Here may be obferved that heat pervades more ca- 
Cly the fubdance of fome good Condudors of Electricity.; 
but the rule however is far from being generaL 

f Obfervations • on diiFerent Kinds of Air, vol. II. 
ice. XIIL 

I tcr 
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tcr either to be, or contain phlogiflon, on 
that account ; for the phlogifton, in this 
cafe, may, by the force of the Eleftric ex- 
plofion, be extricated, either from the furface 
of the Condudtors, between which the ex- 
plofion is taken, or from particles of hetero- 
geneous matter floating in that air, in which 
the explofion is made. 

In regard to the fimilarity between the 
cfFefts of fire, and the effefts of the elefitric 
fluid, it will be very obvious to remark that 
although fire is in feveral inftances produced 
by the eleftric fluid, yet we fliould never 
confound the one with the other, and con-^ 
fider them both as the fame thing ; for it is 
well known that friction produces fire, and 
it is by no means furprifing that the eleftric 
fluid, by the rapidity of its motion, through 
fubflances, that in fome manner obilru£t its 
paflage, fliould generate light, heat, rare- 
fadion, and the other efi^eds of fire*. 

* Here it is proper to obferve that the eleftric fluid 
(hows no effbifls of fire, except when it goes through 
fome medium that obAruds its free paflage. 

Mr. 
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Mr. Henly^ in confequence of feveral 
very interefting experiments, that he has 
lately made, fuppofes, that, although the elec- 
tric fluid may be neither pblogifton nor fire, 
yet that it is a modification of that element, 

which, ' while in a qiiiefcent ftate, is called 

■ 

Phlogifton, and when violently agitated is 
called Fire; We conftantly obferve (fays he) 
I. that if two bodies are rubbed together, 
which have an equal quantity of phlogifton 
(which is the cafe with bodies of the fame 
kind, as glafs and glafs, metal and metal, 
&c.) they acquire either very little, or no 
Eledricity at all. 11. That as one of the 
bodies has a greater quantity of phlogifton 
than the the other, fo they acquire a greater 
quantity of Eledlricity, as when glafs is 
rubbed with metal. III. That a certain de- 
gree of fri£tion produces Eledricity, and 
that a more violent frlBton produces fire, , but 
no Eledricity, as may be obferved by rub- 
bing together two pieces of baked wood, 
of glafs, &c. IV. And that in general bo- 
dies, poflefled of a greater quantity of phlo- 
gifton, give the eledric fluid to bodies that 
have lefs of it, /. e. they acquire the negative 

r 2 Elec- 
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EleiStricity, when rubbed with bodies that 
have a lefs quantity of phlogifton*. 

From thefe obfervations we gather, that, 
the ele£tric fluid, and fire, are produced by 
fimilar operations, and are both extrafled 
from bodies abounding with phlogifton : and 
hence, he concludes, that, the phlogifton, the 
eledlric fluid, and fire, arc only different 
modifications of the very fame element ; the 
firft being its quiefcent ftate of exiftence; 
the fecond its firft a6i:i ve, and the laft its 
more violent ftate of agitation : like fermen,- 

* Mr Henly, in order to try what Eleftricity dijSbrent 
fubftances will acquire, infulates them upon (licks of 
fealing, wax, and rubs thenn againft his woollen coat, or 
waiftcoat. In this manner he has tried a vaft number of 
vegetable, animal, mineral, and artificial fuhflances ; and 
he has difcoyered a very remarkable circumftance, which 
is, that, fuch fubftanqes, which have a great quantity of 
phlogifton, as vegetable fubftances, and particularly the 
hot, aromatic plants and feeds, ice, give the cleftric 
fluid ; that is, th^ acquire the negative EleAricity when ' 
rubbed againft woollen cloths ; and, that fuch fubftances, 
which have but little phlogifton (as moft animal fubftances) 
acquire the eleftric fluid from the faid cloths, i. e. they arc 
citdrified pofitively. 

tatlon 
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tation producing firft wine, fecond vinegar, 

laftly putrefadtion. 

» 

I fliall only obferve further on this ingCr 
nious hypothefis, in order to fhow its great 
degree of probability, that it is fo very ana- 
logous to the other operations of nature, and 
at the fame time fo dear, and fimple, that I 
think it can hardly be difregarded by the raoft 
prejudiced Philofopher. 

As to the identity of the Ele6lric, and 
the ethereal fluid, it feems to me quite an 
improbable, or rather a futile, and infignifi- ' 
cant hypothefis ; for this ether is not a real, 
exifting, but meerly an hypothetical jiuid^ 
fuppofed by different Philofophers to be en- 
dued with different properties, and to be aa 
element of feveral principles. Some fup- 
pofe it to be the element of fire itfelf, others 
make it the caufe of attradtion, others again 
derive animal fpirits from it, &c. but the 
truth is, that not only the effence, or pro- 
perties, of this fluid, but even the reality of 
its exiflence is abfolutely unknown, 

1 3 Ac- 
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According to Sir Isaac Newton*s fup- 
pofition, this ether is an exceedingly fubtle, 
and elaflic fluid, difperfed throughout all the 
univerfe, and whofe particles repel the parti- 
cles of other matter. But on this Aippofitioa 
the eledric fluid is different from ether ; for 
although the former is fubtle, and elaflic like 
the latter, yet (as Dr. Priestley obferves) 
it is not repulfive like the ether, but attr»c« 
tive of all other matter. 



CHAP- 
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/char ni. 

Of the Nature of Ekdiries and ConduBors. 

TH E remarkable diflFerence exifting be- 
tween the two clafles of bodies in re- 
gard to Eledricity, /• e. Eledrics, and Gon- 
dud:orS) naturally induces an Eledrician to 
inquire what is that principle in bodies^ or 
by what mechanifm fome fubftances become 
capable of tranfmitting the ele£tric fluids 
whilft others are impervious to it ? 

In regard to the explanation of thefe two 
remarkable properties, there have been, as 
might be expededj feveral conjeftures of- 
fered, but except one probable hypothefis, 
there is nothing as yet afcertained. When 
the catalogue of Electrics and Conductors 
was very fhort and imperfect, it was fup- 
pofed that, the only two conducing princi- 
ples were metals, and water; and that all 
fubftances were nearer, or further from the 
nature of a perfed Condudor, in proportion 
as they contained a greater or lefs quantity 
of the above principles in their compofition* 

1 4 Wood^ 
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Wood, . for inftance, was fuppofed to be a 
Condudor only on account of the water it 
contained within its pores ; accordingly, it 
was obferved, that the greater quantity of 
moifture the wood contained, the better Q)a- 
dudtor it proved to be, and on the contrary, 
that it aded more like an Eledric, in pro- 
portion as it was freed from its moifture. 
But when water itfelf was obferved to be a 
tad Condudor, and hot air, and charcoal 
to be good G)ndudors, efpecially the Iktter, 
which fubftances, it is well known, contain 
no water nor metal, at leaft not in fuch a 
quantity as is fufficient to change a non- 
conduding fubftance into a Condudor, then, 
the former fuppofition was laid afide, and 
' another was offered by Dn Priestley, in 
his fecond volume of Obfervations on the 
different kinds of Air*, which feems to be 
well founded. 

The Dodor, confidering what the princi- 
ple is, which Condudors poffefs in common, 
?md finding one of their common ingre- 

^ Sec. XIV. 

^ients 
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dients to be the phlogifton, deduces from 
thence, that the conducing quality is abfo- 
lutely owing to the phlogifton. " Had there 
** been (fays he) any phlogifton in water, I 
** fhould have concluded, that there had 
** been no conducing power in nature ; but 
♦* in confequence of fome union of this 
** principle with fome bafe. In this, metals, 
♦* and charcoal exactly agree. While they 
*^ have the phlogifton, they condud ; when 
*^ deprived of it they will not condudt." 

And in a note to this paragraph he fub- 
joins. 

** Having lince found, that long agitation 
** in the pureft water injures air, fo that a 
^* candle will not burn in it afterwards, 
•* which is precifely the effcd: of all phlo- 
** giftic procefles, I now conclude that the 
^* maxim, fuggefted in this paragragh, is uni- 
•• verfally true." 

T|ii3 hypothelis feems very ingenious 
and probable; and, till any other more 
plaufible be offered, or experiments contra- 

dla 
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diA it, I think we may fafely make ufe of it 
in purfuing our eledhrical invefligationS) and 
endeavour to reconcile to it the phenomena 
already difcovered in Electricity. 
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C H A P. IV. 

■ 

Of the Place occupied by the eleSlric Fluid. 

BEFORE we quit the hypothetical 
part of this Treatife it may be proper 
to fay fomething concerning the refidence of 
the eleftric fluid either natural to a body, or 
fuperinduced on it. That the eledtric fluid, 
proper to a body when in its natural ftate, is 
equally diffufcd throughout all its fubftance, 
I think no one will deny ; becaufe that fluid 
is attractive of the particles of all other 
matter, and the particles of other matter are 
attra^ive of the electric fluid ; and as this 
attraction is in proportion to the quantity 
of homogeiteous matter, any quantity of 
matter will certainly attract a quantity bf 
eledric fluid proportionable to itfelf ; there- 
fore, the eleSric fluid mufl; be equally dif- 
fufed throughout all the parts of that portion 
of matter. This propofition, however, will 
take place only in fpeaking of G>ndu£tors, 
for it is founded upon the fuppofition, that 
the elednc fluid, proper to a body in its 
natural flate, does freely pervade that fub- 

fiance ; 
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ftance ; but whether this is a fad refpedllng 
Eledrics or not, hath not hitherto been af- 
certained. As far as may be judged from 
experiments, I (hould fuppofe this rule to 
hold good with Eledirics alfo, and my fup- 
pofition is founded upon the following rea- 
foning. All the Eledrics, when made very 
hot, become Conduflors* ; in that ftatc, there^ 
fore, the above rule muft hold good, /. e. 
the eledric fluid, proper to their quantity 
of matter, muft be equally difFuflFed through- 
out their fpbftance ; and as all the Eledrics 
in nature, 'before they became fuch (we may 
fuppofe) were Condudkors ; in that ftate they 
certainly had their proper fhare pf fluid. 
Now as they afterwards cool and become 
Eleftrics, it fliould feem that the change of 
their nature could not affe£t the equal difi^u^ 
fion of the eledric fluid, which took place, 
whilft they were in a conducting ftate. In 
confequence of this conlideration, the diflFer- 
ence between a Conductor and a Non-con- 

^ * As this propofitlon has been found true in all the 
experiments hitherto made, I think it may be confidered 
very properly, as a general law in the fciencc of Elec- 
tricity, 

du^tor) 
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dudtor, in regard to their natural quantity of 
eledric fluid, is, that in the former, the fluid 
may eafily move, whereas in the latter, it is 
confined in its pores. But it may be afked; 
whether a quantity of eledric matter contains 
as much eleftric fluid as an equal quantity 
of conducing matter ; a piece of rofin, for 
inftance, when melted, does it contain more^ 
lefs, or the fame quantity, of eledtric Fluid aa 
when cold ? To this queftion I can give no 
fatisfaftory anfwer ; for, by the experiments 
hitherto made, nothing certain has been de- 
termined. Dr. Priestley, in order to af- 
certain this matter, made the following expe- 
riment. He made a piece of glafs red-Jiot 
(in which flate it is a Condudor) and plac- 
ing it upon an infulated piece of copper, left 
it in that fituation till quite cold (/. e. till it 
became an Eledric), but in all the time 
of its codling no Electricity of any kind 
was perceived, either in the copper or glafs, 
which would have certainly been the cafe 
if the piece of glafs had contained either 
more or lefs fluid when in an Ele<ftric, than 
when iu a conducing ftate*. This experi- 

* Hiftory of Elcftrichy p. 716. — Experiments of a 
fimilar nature aro met with in Beccarza^s Eledb-icifmo 
Artificiale. , 

4 ment 
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ment feems to give a decifive anfwer to the 
above queftion ; but when the experiments, 
mentioned in the firft part, of melting an 
elcftric fubftance into another, and other fads 
of a fimilar nature, are duly confudered, they 
feem to make the anfwer again difficult*. 
It muft therefore be confeifed, that this mat- 
ter remains as yet unfettled, and nothing but 
further experiments, and the difcovery of 
other fafts, can determine any thing fatit 
faftory about it; 

In refpefl: to the place occupied by the 
eledric fluid fuperinduced on a body,' it has 
been thought, by feveral ingenious perfons, 
that, when a body is eledlrified, all the fu- 
perfluous fluid, or all the deficiency of it, in 
cafe the body is eleftrified negatively, refides 
as a kind of atmofphere all around the body; 
to this atmofphere they attribute the phof- 
phoreal fmell, and that tickling fenlation 

♦ The wax chandlers, in forming their mafs m (licks, 
&c. find it fo ftrongly attradive of duft, &c. that they 
are obliged to ufe great caution in keeping it at a fufficient 
diftance from the charcoal fire, over which they work, 
Ifeft it (hould (as it fometimes happens) cover itfelf with 
^(hes, and thus fpoil the work, 

produced 
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produced by an excited Eledric, and they 
even fuppofe that thefe atmofpheres may 
be made vifible. But to this alTertion it h 
anfwered by others, that if the Ele&ricity 
communicated to a body did refide round it 
like an atmofphere, it fhould certainly repel 
the air contiguous to that body ; but this is 
not the refult of experiments ; for it has 
been found that the eledtric atmofphercj 
however denfe^ if it does at all exift, has no 
eSedl upon the air contiguous to the elec- 
trified body, nor has the motion of the air, 
even a violent wind, any effedl upon the at- 
mofphere. In regard to the above-mentioned 
fenfations of phofphoreal fmelU &c. it is 
thought that they are only occafioned by 
the eledric fluid entering or going out of the 
(kin in a very fubdivided manner. 

. From what may be deduced from experi- 
ments, it appears that, although the eledlric 
'fluid is tranfmitted through the fubflance of 
Condu£tors» yet no communicated £led:rici- 
ty can be obferved within a fufficiently nar- 
row cavity of an eledrified body ; befides if 
two bodies of the iame fize and figure, but 
of different denfities, are eledrified together, 
2 and 
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and afterwards feparated, they will acquire 
each the fame quantity of Elcdfaricity, /.^. the 
Eledricity that they acquire will be propor- 
tional to their furfaces, and not to their re- 
fpe£tive quantities of matter. 

We may laftly conclude that the Eledrici- 
ty, communicated to a body, lies not diffiifed 
throughout the fubftance of that body, but on 
that furface of it, which is contiguous to a free 
Eledric, /. e. to an Eledric, that is not fur- 
rounded^ by an homolougous Electricity, 



PART^ 
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PART III. 

Practical Electricity. 

CHAP. L 

Of the ele^rical Apparatus in general. 

HI T H E R T O we have treated of Elec- 
tricity only theoritically, having noted 
what has been found uniformly certain re- 
lative to this fubje£t, and having exhibited a 
view of the moft probable cohjedlures offered 
in explanation of eledrical appearances ; but 
Electricity being a fcience, that requires a 
more pradical management, than perhaps 
any other branch of natural philofophy, it is 
neceflary, that we fliould now treat of it 
pradically, and give the beft direftions we 
are able, both in regard to the conftru6lion 
of the neceflary apparatus, and to the per- 
formance of the experiments, not only requi- 
lite in proving the foregoing Propofitions, 
but fuch alfo, as are pleaiing and entertain- 
ing- 

K In 
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In this pari of my work the reader will 
perhaps find more novelty, than he cxpefts ; 
for confidering the number of books that 
have been lately publiflied on this fubjeft, 
one would imagine that all the experiments 
pofEble to be exhibited with an electrical 
machine, and its appendages, have already 
been defcribed. The cafe however is much 
the contrary, for not only the old experi- 
ments have been diverfified, but a variety of 
new ones have been invented, and even the 
principal part of the apparatus has under- 
gone feveral changes, and improvements. 

In order the more regularly to proceed in 
the defcription of the electrical apparatus, it 
will not be improper to divide, its parts into 
three clafles, confidering in the firft, the in- 
ftruments neceflary to produce Eledlricity ; 
in the fecond, thofe proper to accumulate, 
retain, and employ it ; and laftly, thofe ne- 
ceflary to meafure its quantity, and afcertain 
its quality. 

The principal inftrument to produce Elec-- 

tricity, is the eledrical Machine, /• e. a ma- 

I chine 
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chine capable by any means of exciting an 
Eledric, fo as to produce electrical appearances* 
The conftrudion of thofe machines from 
their fir ft invention to the prefejit time, has 
undergone fo many changes^ and their forms 
have been fb much varied, that it would be 
very difficult, and even tedious* to defcribe 
thofe only, which are moft frequently in 
ufe. Every maker, and almoft every £lec- 
trican conftru6):s his own machines in ia 
manner difFereut from the reft, and as new 
fa^ls, or long pra&ice points out fome im-* 
perfections, the EleCtriciati is- ready to con<- 
trive a new method to cdrred the preceeding 
errors. Indeed the rapid advance of the 
fcience is moftly owing to this change, and 
variety of conftru£tions ; for whether cafual, 
or defigned, a new conftru£tion has generally 
either produced fome difcovery of importance, 
or expofed fome defed in the apparatus, 
and management of the fame. 

That the reader might be left at the liber- 
ty of choofing the form . of his machine, I 
(hall in this- chapter lay down the moft ne-» 
ceiTary rules to conftru(ft eleftrical machines in 
general, and flxall referve for the next chap* 

K a tcr 
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tcr the partiGular defcription of fome ma- 
chines, that are the moft ufeful, and which 
contain all the improvements hitherto made. 

« 

The principal parts of the machine are the 
Eleflric, the moving Engine, the Rubber, 
and the prime Conduftor, /. e, an infulated 
Gonduftor, , which immediately receives the 
Eledricity from the excited Eledtric. 

The Ele£tric was formerly ufed of differ- 
ent fubftances, as glafs, rofin, fulphur, feal- 
ing-wax, &c. and of diflPerent forms, as cy- 
linders, globes, fpheroids, &c. This diver- 
lity then obtained on two accounts, firft, be- 
caufe it was not afcertained, which fubftance 
or form would anfwer beft, and fecondly, 
on account of producing a negative, or 
politive Eleftricity, at the pleafure of the 
operator; for before the Eledricity of the 
infulated rubber was difcovered, fulphur, 
rough glafs, or fealing-wax, was generally 
ufed for the negative Eledricity. At prefent, 
fmooth glafs only is ufed; for when the 
machine has an infulated rubber, the ope- 
rator may produce pofitive or negative Elec- 
tricity at his pleafure, without changing the 

Eleftric. 
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Eleftric, Ip regard to the form of the glafs 
thofe copaimonly ufed at prefent arc globes-^ 
and cylinders. The moft convenient fizc 
for a globe, is from nine to t\velve incfaei 
diameter, they are made with one neck, 
which is cemented * to a ftrong brafs cap in 
order to adapt them to a proper frame. The 
cylinders are made with two necks> they 
are ufed to the greateft advantage without 
any axis, and their common (ize is from 
four inches diameter and eight inches long, 
to twelve inches diameter and two fpet long, 
which are perhaps as large as the workmen 
can conveniently make them. The glafs 
generally ufed is the beft flint, though it is 
not yet abfolutely determined, which kind of 
metal is the beft for eledrical globes, or cy- 
linders. The thicknefe of the glafs feema 
immaterial, but perhaps the thinneft is pre-* 
ferable. It has often happened that glafs 

* The beft cement for eledrkal purpofes is made with 
two parts of rofin, two of bees- wax, and one of the powder 
of red okre. Thefe ingredients are melted, and mixed 
together in any veflel over the fire ; and afterwards kept 
for ufe^ This kind of cement fticks very faft, and is 
much preferable to rofin only, as it is not fo brittle^ and 
at the (ame time infulates equally well. 

K 3 globes, 
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globes, and cylinders, in the a6t of whirling, 
have burft in innumerable pieces, with great 
violence, and with fome danger to the by-* 
flanders. Thofe accidents are fuppofed to 
happen when the globes, or cylinders, after 
being blown, are fuddenly cooled. It will 
therefore be neceffary to enjoin the workman 
to let them pafs gradually, from the heat of 
the glafs-houfe, to the atmofpherical tem-^ 
perature. 

It has been long queftioned whether a 
coating of fome ele<ftric fubilance as rofin, 
turpentine, &c. on the infide furface of the 
glafs, has any effcQ, to increafe its eledtrical 
power ; but now it feems pretty well dfter-r 
mined, that if it does not increafe the power 
of a good glafs globe or cylinder, at leaft it 
does confiderably improve a bad one. I have 
fevcral times put a coating of rofin on the 
infide furface of phials and tubes, and have 
conftantly found, that the worft of them 
received fome improvement by it. 






The moft approved compofition for Unmg 
glafs globes, or cylinders, is madfe with feiir 
jparts of Venice turpentine, oW jrart ' of 

rofin 
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Tofin and one part of bees-wax. This com- 
pofition muft be boiled for about two hours 
over a gentle fire,, and muft be kept ftirring 
very often : afterwards it is left to cool^ 
and referved for ufe. When a globe or cjr 
Under is to be lined with this mixture,. a fuf- 
ficient quantity of it is to be broken into 
fmall pieces, and introduced into the gla(s ; 
then, by holding the glafs near the fire, the 
mixture is melted, and equally fpread over all 
its internal furface, to about the thicknefs of a 
fixpence. . In this operation care muft be 
taken, that the glafs b.e made hot gradually, 
^nd be continually turned, fo as to be heated 
equally in all parts, otherwife, it is apt to 
break ia the operation. 

In refped to the tngine which is to give 
motion to the Eledtric; multiplying wheels 
have been generally ufed, which, properly 
adapted, might give the Ele£lric a quick 
motion, while they are conveniently turned 
by a winch. The ufual method is, to fix a 
wheel on one fide of the frame of the ma- 
chine, which is turned by a. winch, and has 
a groove round its circumference^. Upon the 
jbrafi cap of the neck of the glafs globe, or 

K 4 one 
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one of the necks of the cylinder, a pulley is 
fixed^ whofe diameter is about the third or 
foutth part of the diameter of the wheel ; 
then a firing or ftrap, is put over the wheel 
and the pulley, and by thefe means, when 
the winch is turned, the globe or cylinder 
makes three, or four, revolutions, for one 
revolution of the wheeK There is an incon- 
venience generally attending this conftruc- 
tion, which is, that the ftring is fometimes 
fo very flack, that the machine cannot Work. 
To remedy this inconvenience, the wheel 
fhould be made moveable with refpeft to the 
Ele6lric, fo that by means of a fkrew it might 
be fixed at the proper diftance ; or elfe the 
pulley fhould have feveral grooves of different 
radiufes on its circumference. 

It has been cuflomary with, fome, to turn 
the cylinder fimply with a winch, without 
any accelerated motion ; but that feems not 
lufl5cient to produce the greatefl Eledtric 
power, the glafs is capable of giving; for 
the globe or cylinder fhould properly make 
about fix revolutions in a fecond, which is 
more than can be conveniently done with the 
winch only. This method howerer, on ac-r 
4 count 
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count of ite limpUcity, arid eafy conftrue- 
tion» ihould not be difregarded^ and it may 
he conveniently ufed, when no very great 
power is required. 

Inftead of the pulley and the firing a6 
above defer ibed, a wheel and pinion, or a 
wheel, and an endlefs fkrew, has been aJfo 
ufed. This conftru£tion anfwers^ perhaps as 
well as any other ; but, it muft be cpn- 
ftru£ted with great nicety, otherwife, is apt 
to make a difagreeable rattling, and without 
frequent oiling, foon wears away by the great 
friction of its own parts. 

r 

, The next thing belonging to the Eledirical 
machine neceffary to be defcribed is the 
rubber, which is to excite the Eledtric. The 
rubber, as it is now made, is nothing more 
than a (ilk cufhion fluffed with hair; and 
over this cufhion is put a piece of leather, 
on which fome amalgam* has been rubbed 

♦ This amalgam has been found to excite fmpoth glaft 
the moft powerfully of any thing yet tried. Any metal, 
diflblved in quick-fih^er, will perhaps do equally well, 
but the amalgam generally ufed, is made with two parts of 
quick-filver and one of tin-foil, with a fmall quantity of 
powdered chalky mixed together until it become a mafs, like 
pafte. 

fo 
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fo as to ftick as fail as poflible to the leather « 
Sometime ago it was generally ufed, and it 
is now cuftomary alfo, to make the rubber 
of red bafil fkin fluffed tirith hair j but the 
filk one, as above defcribed (whith is an 
improvement of Dr. Nooth) is much pre- 
ferable. If this filk cufhion, on account of 
adapting it to the furface of the glafs, is to 
be fixed upon a metal plate, then care 
ihould be taken to make the plate free from 
iharp points, edges, or corners, and it fhould 
be as much as poffible concealed, or covered 
with filk. In fhort to cohflrufl: the rubber 
properly, it mufl be made in fuch a manner, 
that the fide of it, which the furface of the 
glafs enters in whirling, may be as perfect a 
Condudor, as it can be made, in order to fup- 
ply Ele^icity as quick as poflible, and the 
oppofite part fhould be as much a Non-con- 
dudor as poffible, in order that none of the 
fluid accumulated upon the glafs, may return 
back to the rubber, which has been found 
by experiment to be the c^fe, whea . the 
rubber is not road? in 4 prpper sna,nnejr,.; ^ .y 
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The rubber fhould be fupported by a 
fpringi by which means it may eafily fuit 
any inequalities, that may be found on the 
furface of the glafs, and by a ikrew it may 
be made to prefs harder or fofter, as occa- 
Hon may require. Itfhould alfo be infulated 
in whatever manner is moft convenient, for 
whenever infulation is not required, a chain 
pr wire, &c. may be occaiionally hung upon 
it, and thus communicate with the earth (x 
with any other body at pleafure j. whereas, 
when there is not . a contrivance for infula- 
tipg the rubber, many of the moft curious 
experiments iij Eledricity will never be per- 
formed with the machine* 

We come now to confider the prime Con--^ 
dudoir, or firft Conduftor, which is nothing 
more than an infulated condudtihg fubftance 
fumiihed with one, or more points at one 
end, in order to colledt the Eledricity im- 
mediately from the Ele6tric. When the 
Condu^lof is of a moderate fize, it is ufuat 
to make it of hollow brafs, but when it is 
very large, then, on account of the price of 
the materials, it is made of pafte-board co- 
Tered with ^n-foil^ pr gilt paper. The 

Ciondudor 
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Condii6l:or is generally made cylindrical, 
but let the form be what it will, it ihould 
always be made perfeftly free from points, 
or (harp edges ; and if holes are to be made 
in it, which on many accounts are very con- 
venient, they (hould be well rounded, and 
made perfe6lly fmooth. Further, that end 
of the prime Condu6lor, which is at the 
greateft diftance from the Ele£tric, ought to 
be made larger than the reft, as the ftrongeft 
exertion of the eledric fluid in efcaping from 
the Condudor is always at that end. 

It has been conftantly dbferved, that the 
larger the prime Condudor is, the longer, 
and denfer fpark can be drawn from it, and 
the reafori of this is, that the quantity of 
Eledrieity, difcharged in a fpark, is nearly 
proportional to the fize of the Condudor ; 
on this account the prime Condudor is now 
made much larger, than what was formerly 
ufed. Its fize, however, may be fo large, 
that the diffipation of the Eledricity from its 
furface, may be greater than what the Eledric 
can fupply ; in which cafe fo large a Con- 
dudor would be nothing more than an un^ 
weildy, and difagreeable incumbrance. 

Before 
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Before we quit tKe eleftrical machiae it 
ihould be obfervcd, that, befides' the above- 
mentioned parts, it 48 neceffary to have, a 
ftrong*fea»e to fup^rt the Eledkric, the 
rubber> 'and the ^^lieel.' The prime Con- 
ductor fhould betopported by ftand« with 
pillars of glafs, or baked wood> and not by 
filk firings, which admit of continual mo- 
tion. In fhort, the machine, the prime 
Gondudtor, and any oth6r apparatus adually 
ufed, fhould be made to (land as fteady as 
poffible, otherwife many inconveniences will 
ajrife. 

Befides-' the Eleftrical machine, the Elec- 

trician fhould be provided with glafs tubes 

(£ different fizes, a pretty large flick of feal- 

ing-wax, or a glafs tube covered with feal- 

ing'-wax, * for the negative Eleftricity. He 

ihould at leaft, not be without a glafs tube 

about three feet long, and one inch and a 

Half in diameter. This tube fhould be dofed 

sit one end, and at the other end fhould have 

£ixed a' brafs cap witlji a ftop cocki which 

is ufeful in cafe it fhquld be required to con- 

c3enfe, or rarefy the airwithiri the tube; * 

The 
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The beft rubber for a tube o£ fmooth glafs 
is the> rough fide of black oiled filk, efpeci-* 
ally when it has fome amalgam rubbed upon 
it; but the beft rubber for a rough glafs 
tube, a ftick of baked wood^ fealin^wax, or 
fttlphury is foft new flannel. 

• ' - ■ 

The inffaruments aeceflary for the accu- 
mulation of £1ed:ricity, are coated Ele^bics, 
ainong which, glafs coated with Condu6lors 
ditains the principal place ; on account of 
its ftrength it may be formed into any ihape, 
and it will receive a very great charge. The 
form of the glafs is immaterial with refpe6): 
to the charge it will contain ; its thicknefs 
only is to be confidered, for the thinner it is 
the higher charge it is capable of receiving ; 
but it is at the fame time more fubjedt to be 
roken by the force of ele£tric attraction ; 
for this reafon therefore, a thin coated jar, 
or plate may be ufed very well by itfelf, and 
it is very convenient for many experiments ; 
but when large batteries are to be confiruded^ 
then it is neceflary to ufe glafs a little thick«- 
er, and care ihould be taken to have them 
perfcdly well annealed. If a battery is re- 
quired 
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quired of no very great power, as containing 
about eight or nine fquare feet of coated glafs, 
I ihould recommend to make ufe of common 
pint, or half-pint phials^ fuch as apotheca- 
ries ufe* . They may be eafily coated with 
tin^fbiU fbeeto-lead, or. gilt paper on the out* 
iide^ and brafs-filings on the inlide, they 
occupy a fmall fpace, and on account of their 
thinnefs) hold a very good charge. But 
when a large, battery is required, then thefe 
phials .cannot be ufed, for they break very 
eafily, and for that purpofe cylindrical glafs 
jar9 of about fifteen inches high, and four or 
five inches in diameter are the mod con^ 
venient. 

When glafs plates or jars, having a fuffici* 
ently large opening, are to be coated, the beft 
method is to coat them with tin-foil on both 
fides, which may be fix:ed upon the glafs 
with varniih, gum- water, bees-wax, &c. but 
in cafe the jars have not an aperture large 
enough to admit the tin-foil, and an inftru- 
ment to adapt it to the furface of the glafs, 
then, brafs-filings, fuch as are fold by the 
pin-makers, may be advantageoully ufed, . 
and they may be, ftuck with .gum-water,. 

bees« 
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bees-wasc, &c. but not with varniA,- for thi^ 
is apt to be fct on fire by the difcharge, as 
will appear in the latter part of this work. 
jCare muft be talcen that the coatings do not 
come very near the mouth of the jar, for that 
will caufe the jar to difcharge itfelf. If the 
coating is about two inches below the top, it 
will in general do very well ; but there arefome 
kinds of glafs, efpecially tinged glafs, that, 
when coated and charged, have the property 
of difcharging themfelves more eafiiy than 
ethers,' even when the coating is five or fix 
inches below the edge. There is another 
fort of" glafs ' like that, of which Florence 
flalks are made, which, on account of 'fome 
unvitrified particles in its fubftance, is not 
capable of holding the leaft charge ; on thefe 
accounts therefore, whenever a great number 
of jars are to be chofen for a large battery, 
it is advifeable to try fome of them firft, fo 
that their quality, and power may be afccr- 
tained. 

Eleftricians have often endeavoured to find 
fome other Eleftric, which might anfwer 
better than glafs for this purpofe, at leaft be 
cheaper; but except Father Beccaria^s 

method. 
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methody which may be ufed very well, I do 
not find that - any remarkable difcovery has 
been made relating to this point. 

Father B£GCaria took equal quantities 
of very pure colophonium, and powder of 
marble fifted exceedingly fine, and kept them 
in a hot place for a confiderable time, where 
they became perfectly free from moifture; 
.he then mixed them, and melted the com-* 
pofition in a proper veflel over the fire, and 
when melted poured it upon a table, upon 
which he had previoufly ftuck a piece of tin-^. 
foil, reaching within two or three inches of 
the edge of the table ; this done, he endea- 
voured with a hot iron to fpread the mixture 
all over the table as equally as poflible, and 
to the thipknefs of one tenth of an inch ; 
-he afterwards coated it with another piece of 
tin-foil reaching within about two inches of 
the edge of the mixture ; in fliort, he coated 
a plate of this mixture like a plate of glafs. 
This coated plate, from what he fays, feems 
to have had a greater power than a glafs 
plate of the fame d^menfions, even when the 
weather was not jpry dry : and if it is not 
fubje^ to break very eafily by a fpontaneous 

L difcharge^ 
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difpIUrge, I think it may be very convcai- 
entlf ufnl j foe it doth not -vtrj readily at^ 
tradlt moifture* and «pnfeqiieiitly mny held a 
charge of Elcdricity better, and longer than 
glftis ; beHdes, if MEeo* it may be repaired 
by A boc iron ; hut gla6, wh^o brok«i can 
a«Ter be rcpairedt 

Wbeo * jar, a battery, or m general a 
coaled Elei^riCf is to be difcharged, the ope^ 
rato^ ihould be provided with an inftrument 
called thedUcharging Rodi which oohfifts of 
a metal rod ^ fomettmefi ftraight, but more 
commonly bended in the form of a C s th^ 
are made ^Ko of two jointt fo as to open like 
a kind of compafieet This rod is furniflied 
wUb metal knobi at its extremities, and has 
a non-:condu£ting handle, generally of glafs 
or baked wood faffaeaed to its middle. When 
the operator is ta ufe this inftrument, he 
holds it by the handtet and touching one of 
the coated ildea of the (Jiarged Ele&ric vi^th 
one koobf and appix)achiag the other knob 
to the other coated fide» oi; fome conducing 
fobftance cammunicatingb with it, he eomr 
pletes the commi^itcattcni betwoeii the two 
fidciB> aod difchar^a thc^ Ekdriu 

J ^ The 
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* * 

« .... 

/ 

and afeertaiii tfce qwalfty 'cyf E**fibridty «re 

«PBTOfl»«ttly oalfed hi^rmeim, ind they ane 
offoiwfoWi^, tH^ th*li*%le thteStd, id. ttre 
Corks ior Pkh<-b^I$, ^. the Quarirarft, atrf, 
4th. the difcharging EteiSbltottrtta: *-. Bert a 
particular defcription of the fame .will -be 
found in the third chapter of this work. 

Befides the apparatus above defcribed there 
are feveral other inftruments ufeful for vari- 

■ 

OU8 experiments, but thefe will be defcribed 
GccaOonally. The ' Eledrician, however, 
ought to have by him not only a fingle 
coated jar, a fingle difcharging rod, or in 
fliorty only what is neceffary to perform the 
common experiments, but he fhould provide 
himfelf with feveral plates of glafs, with jars 
pf different fizes, with a variety of different 

* , The fecond fort of Elearomctcr, 1. /. the cork-balls 
Ele^rometer was invented by Mr. Cantow ; the dif- 
charging Elearometcr was invented by Mr. Lane, and 
hath been improved by Mr. Henly : anotheron a different 
principle by Mr. Rinnersley; and the quadrant Elec- 
jAibif^tM, ^il'hich is of lateft invention, is a contrivance of 
Mr. Henly, * 

L 2 inilruments 
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with iron cranks, form the fupport of two 
perpendicular piHara of baked wood, and of 
the rubber of the machine. One of the pil- 
lars, together with the fpcing fiipporting the 
rubber. Aides in a groove, which reaches 
almoft the whole length of the upper boards 
and, by means of fcrews, may be placed at 
any required dlftanee from the other pillar, 
which is fixe^, being fct through a mortice 
in the upper boards and ftrongly fattened to 
the lower, fti thefe two pifiars art feverat 
holes for the admittance of the fpindles pF 
diflferent globes, and as they may be fituated 
at any diftancc from one another, they may- 
be adapted to receive not only globes, but alfa 
cylinders, or fpheroids of different fizes. In 
this machine, fays Dr. Priestley, more 
than one globe or cylinder may be ufed at 
once, by fixing them one above the other in 
the different holes of the pillars, and by 
adapting to each a proper pulley, they may 
be whirled all at once, and their power unit- 
ed in order to increafe the Eleflricity * ; but 

» •. 
Ill 

* When feveral globes are ufed at once, and their power 
united, it has been found by experiment, that the £Iec- 

tFicky 
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4 

ih thl» e6iiA#H£tk>n t do ntt tbidli that^tfef- 
ent rabfeeft din b« etm^eftteftfly appplfed to 
them all ; wkieh ie a csfj^Sl ifiSperfc€lioa. 

« The ruf^W eeSilflffe 6^ A h<M(M piece 
of cop|)4]f , fiJted w jfli ' lito^fei^hair/ afrf 
covered y/kh a bafilf &}«f. It i# %|)6^^ 
•* ed trf a foeket^ whksfi receive? ih6 cyKw^ 
** di^ka) axis ot si roiHid a&d flail |)$ece ol' 
** baked wodd,UKe o^pb^e ftttt dT ^liidr 
» k inferted info t%e foelsef dl a- B(°int fietf 
•* fpring.- Thefe parP* ar6 eaffly f%»atated, fiy 
** that the rubber, or the piece of wood fhaf 
ierves tO infulate it> may be changed at 
pleasure'. The fyriiig admil9 Of it two>7 

t 

•• fold altefatiOB^ of pofi'tiOn. If may be ei- 
** ther. flipj^d along, the gfrbove. Or mdvetf 
•* in tJid cokfe-ajy dii^diO* (dW ^rbdvft htkig 
^disf iHi&tk tlie (s^^ whflch^ faffeiis tfi^ 
^ng),' " (o a*fo' give' k #w*y defifaBle 
" pofitiod' wi«h- refpta t(i' tBe globe or qr-^ 

tricity does not increafe in ptopbttim t& tffttt* riwttiWrj 
although it is more, than what itiay be produced by a 
fingie globei However,- aa the fri^on^ and the dlffietllty 
of working the riiachine inoreafes in proportion to th« 
nurtiber o? globes drcylbdirs, lo I think' tliat one good 
lifgjb cyHnifef isf-jkifhwBH^iy mahy-'of tHeml 

L 4 " lifldcf 
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'^ Under ; and it 18, befides, furnifhed with 
*^ a ScrcWy whicl} makes it prefs harder or 
** lighter, as the operator cho9fe8.'* 

The wheel of this machine is fixed to the 
table ; it has feveral grooves, for admitting 
more firings than one, in cafe that two or 
three globes, or cylinders are ufed at a 
time ; and as it is diffengaged from the frame 
of the machine,: the latter may be fkrewed 
at different difhtnces from the former, and 
thus fuited to the variable length of the 
ftring. , 

■ / ' . 
The prime Conduftor is of hoUpw copper^ 

made in the fhape of a pear, fituated with 

ks neck upwards, and with its bottom or 

rounder part upon a fland of baked wood ; 

and an arched wire proceeds from its neck, 

having an open ring at its end, in which 

fome fmall pointed wires are bung, that by 

playing lightly upon the eledric colle6t the 

eledric fluid from it« 

This machine notwithflanding that it has 

feveral imperfections, is yet a very good irii-- 

vention j but except different globe.8, or cy- 

2 linders. 
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lindersy or fevcral of thofe at once are re- 
quired to be ufed, I think a. great deal of the 
work may be fpared, and the machine might 
be made more iimple, and concife. 

Next to Dr. Priestley's machine I fhall 
defcribe another^ which -.was invented by 
Dr. Ingenpousz, and which for its fimpli- 
city, and concifenefS) makes a fine contraft 
with the former. 

This machine confifts of a circular glafs 
plate about one foot diameter* which is turn- 
ed vertically by a winch fixed to the iron 
axis that pafTes through its middle^ and it 
is rubbed by four cufhions, each about two 
inches long^ fituated at the oppofite ends of 
the vertical diameter. 

% 

The frame confifts pf a bottom board, 
about a foot fquare, or a foot long and fix 
inches broad, which, when the machine is 
to be ufed, may be fattened by an iron crank 
to the table. . Upon this board two other 
Hender, and fmaller ones are raifed, which 
lie parallel to one another, and are fattened 
together at their top by a fmall piece of 

wood. 
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wood. Tbefe upright board* fopport in tbdr 
middle the axis of the plate, and to t^ni the 
rubbeirs are fi^nedf 

Th6 GonduGor is of hollow brafs, and 
from its extremities brandbes are exteddsd, 
which comihg i^ery ^ar the exiuemkf of the 
glafs, eoUe£t the £k£trictly fron tt« 

The power of this machine is^ ^h2^» 
more than a perfon would judge by looking 
at it. It may be objeded tlUM this eon^ 
ftruAion will not eafily adnnic .6f tb^ tah^ 
bers beifig inlulsKiedy nor coiS[e(fsiietit\y he 
adapted to a great irariety of experif»enc& ^ 
but at the fame time it mail b^ aUowedy^fhat 
it b very portable, thao it i«> not ^tf Kahltf^ 
to be out of order, and that it Iks^ a^ p&^et 
fufEciently ftrong for phyfical purpofes ; 
oo which account it ma^.be cKMtenkmly 
ufed. 

The Tail machine; that I am to ddbribe, li 
thsrt reprefented in fig, i of plate o^ which 
has all* the improvements hitherto m«id€V dX^ 
cept that it is qot capable of admittiiig 4££« 
ferent kinds,^ or more thaa one EleArior.biM! 

which, 
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which, indeed, it feems not to ftand in ncd 
of. The clcftric power of fuch a machine 
I think is equal to what majr be obtained by 
any other conftrudlion, and at the fame time 
its fize being neither remarkably large, nor 
at all inconvenient, renders k, I think, the 
completeji machine hitherto contrived*. 

The frame of this machine confifts of the 
bottom board ABC, which, when .the ma- 
chine IS to be nfed, is fattened to the table 
by two iron cranks, one of which appears in 
the figure near C Upon the bottom board are 
perpendicuhirly raiftd two ftronjg wooden 
pillars K E, and A H, which fapport the 
cylinder, and the wheel. From one of the 
brafs caps of the cylinder F F, an axle of 
fteel proceeds, which pafles quite through a 
hole in the pillar K L, and has on this'fide 
of the pillar a pulley I fixed upon its fquare 
extremity! Upon the circumference of this 
pulley there are three or four grooves, in or- 
der to fuit the variable length of the firing 

♦ Thcfc machines are made, and fold, by Mr. George^ 
A»AM^ in Ftcet-Oreec, London, philofophiod iaftru-* 

a b^ 
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a b, which goes round one of them, and 
round the groove of the wheel D. The 
other cap of the cylinder has a fmall cavity, 
which fits the conical extremity of a ftrong 
Ikrew, that proceeds from the pillar H. 
The wheel Dj which is moved by the handle 
£, turns round a ftrong axle, proceeding from 
almoft the middle of the pillar K L. 

The rubber G of this machine is on each 
end two inches fliorter than the cylinder 
(/• e. the cylinder exclufive of the necks), and 
it is made to rub about one fourth part of the 
cylinder's circumference ; it confifls of a thin 
quilted cufhion. of filk, ftufFed with hair, and 
faftened by iilk ftrings upon a piece of wood, 
which is -properly adapted to the furfkce 
of the cylinder. From the upper extremity 
of the cufhion proceeds a piece of oiled filk, 
that covers almoft all the upper part of the 
cylinder ; and to the lower extremity of the 
cuihion, or rather of the piece of wood, to 
which the cufhion is tied, a piece of leather . 
is faftened, which is turned over the cufhion^ 
/. e. ftands between it and the furface of the 
cylinder. Upon this leather, which reaches 
from the lower to almoft the upper extremity 

of 
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of the cuihion, fome of the above-defcribed 
amalgam is to be worked, fo as to be forced 
as much as poflible into its fubfiance. This 
rubber is fupport?d, by two fprings, fltrewed 
to its back, ^nd from which it may be eafily 
unlkrewed, when occafion requires it. The 
two fprings proceed from the wooden cap of 
a ftrong glafs pillar*, perpendicular to the 
bottom board of the machine. This pillar 
has a. fquare wooden bafis, that Aides in two 
grooves in the bottom board A B C^ upon 
which it is faflened by a fkrew. In this 
manner the glafs pillar may be faAened at any 
required diflance, and in confequence the 
rubber may be made to prefs harder oi: 
lighter upon the cylinder. The rubber in 
this manner is perfe£tly infulated, and when 
Infulatioa is not required, a chain with a 
iicaall hook may be hanged to it, fo .as to 
liav£ a regular communication with the piece 

* This glafs pillar as well as the glafe feet of infii- 
]ating (tools in general, fhould be covered with varnifli, or 
irather with fealing-wax, otherwife they infulate very im- 
perfectly, on account of the moifiure, that they attrqtdt 
Iromtheair, iiidampweatbcr. 
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of letthert the chaiil ^ then falling upon tbc 

Uble, retiders th^ rubber HDiafulate^. 

• » 

Figv 2> ftprefeftts dio iprtnic Condii^or 
AB bdbAging to.thts machiiMu, This is of 
hollow braii^ and is fufipwced bt cwo^A 
pillars varniflied^ that b^ two bra6 ibcketk 
lure fijted ia the hoard G C. This Oondu&or 
receives the electric fl^id through the pdxitl 
of the coUe£toi' lit which are i«t at about 
half an ineh diftaace from the fur£aice of tfaf 
cylinder of the machinef 

If the handle £ fig, i of the wheels be 
turned (and on account x)f the rubber it 
ihould be turned always ifi the direction jol£ 
, the letters a be) this machinei ftanding in the 
fituationi that is reprefented in the iigurei 
will give pofitive Eledricity, i. 'e^ the prime 
Condu^or will be ekarified pofitivdy^ OT 
overcharged with eleftric fluid ; for by the 
a^ion of ru&bikigt the cylin^der pumps as 
it ^rere the fluid from the rubber, affd erery 
other body properly coririefted with it, and 
gives k to the prime Condu£ton But if a 
negative Eleftricity is required, then, the 
chain . muft be removed from the rubber 
I an,d 
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and hung to the prime Condu£tor ; for in 
this cafe the , Eledbricity of the prime Con- 
duftor will be communicated to the gro^nd^ 
and the rubber remaining infulated^ will ap*« 
pear ftrongly negative. Another Condudor 
equal to the Q)ndud)x)r A B fig. 2. may be 
connei9:ed HTrith the infulated . nibber^ a&d 
then, the operator may obtain at Arong ne^ 
gative Electricity from this, as he can pc^^ 
tive fkom tho Gonduftor A 6 %• 2, 



i.i 
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' ^he particuhr Defcriftion of feme other ne-- 
cejfary Parts of the eleSirical Apparatus. 

• • • • 

FI G 4 rcprefents . a Hand fupporting 
the elcdipmeters D D G C. B is the' 
bafis of it made of common wood. A is a 
pillar of wax, gtafsyjor. baked wood. To 
the top of the pillar, if it be of wax or 
glafs, a circular piece of wpod is fixed, but 
if the pillar be of baked wood, that may 
conftitute the whole. From this circular 
piece of wood proceed four arms of glafs, 
or baked wood, fufpending at their ends, 
four ^leftrometers, two of which D D are 
filk threads about eight inches long, fufpend- 
ing each a fmall downy feather at its end. 
The other two eledrometers G G are thof^ 
with very fmall balls of cork, or of. the pith 
of elder, and they are conftrufted in thfi 
following manner, a 6 is a ftick of glafs 
about fix inches long, covered with fealing- 
wax, 4nd fhaped at top in a ring : from the 
lower extremity of this ftick of glafs pro^ 

ceed 
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ceed two fine linen threads ^ cc about five 
inches long, each fufpending a cork, or pith 
ball d about one-eight of an inch in diameter. 
When this cle£lrometer i's not eleftrified, 
the threads c c hang parallel to each other^ 
and the cork balls are in conta(a:; but when 
eledtrificd, they repel one another, as repre- 
fented in the figure. The glafs ftick a b 
ferves for an infiiiating handle, by which the 
cle6trometer may be fupported, when it is 
ufed without the fiand A B» 

Another fpecies of the above ele£bometer 
is reprefentcd in fig 3d, which confifts of a 
Knen thread, having at each end a fmall cork 
ball. This eleftrometer is fufpended • by the 
middle of the thread on any Conduftor proper 
for the purpofe, and ferves to fhew the kind, 
and quantity of its Eledricity. 

« 

* •* . 

' Fig 7th. reprefents Mr. Henly^s qua- 
drant ete^rometer fixed upon a fmall ftand^ 
from which it may be occs^fionally feparated 
and .iixed iipoa the prime Conductor, or in 

' • - . 

* Thefe threads ihoiilS be wetted in a weak (blutioii of 
61t. 

M any 
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any other place at pleafure^ This eleflro- 
meter confifts of a perpendicular ftem form- 
ed at the top like a ball, and furnlfhed at 
its lower end with a brafs ferrule, by which 
it may be fixed in one of the holes of the 
prime Condu6lor, or in its proper ftand, as 
occafion requires. To the upper part of the 
Aem, or pillar, a graduated ivory femicircle 
is fixed, about the middle of which, is a 
brafs arm, which contains a pin, or the 
fmall axis of the index. The index confids 
of a very Hender ftick^ which reaches from 
the center of the graduated femicircle to the 
brafs ferrule, and at its lower extremity, is 
failened, a fmall cork ball, nicely turned in 
a lathe. 

The propereft wood, for the purpofe of 
making the pillar and index of this ele£lro« 
meter, is box, and this pillar and index 
fhould be well rounded, and made as fmooth 
as poffible. When this electrometer is not 
eledtrified, the index hangs parallel to the 
pillar, as in fig. 7 ; but when it is eledlri- 
fied, the index recedes more or lefs, accord* 
ing to the quantity of Eledricity, from the 

ftem; 
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ftem ; as reprefented on the prime Gon« 
dudtor E fig* 2* 

\ 
*rhe maia of Mn Lane's difcharging Eiec*- 

trometer, confifts in a brafs ball about one 
inch and a half in diaiheteri fcfewed to a 
brafs graduated rod^ and adapted to a proper 
frame, fo that it may be fet at any required 
diftance from the prime Gmdud:or) or the 
knob of an eledlric jan The principal ufe of 
this eledrometer is to let a jar difcharge by 
itfelf through any proper circuit, without 
ufing any difcharging-rod, or removing any 
part of the apparatus ; and to give ihocks 
nearly of the fame flrength. Suppofe for 
inflance^ that the above-mentioned brafs ball 
be fet at half an inch diflance from the prime 
Condudor, and that a coated jar b^ fituated 
fb as to touch the prime Conductor with its 
knob, and to have its outfide coating com- 
municating with the above-'mentioned brafs 
ball. Now it is evident that the circuit, from 
the outfide to the infide of the jai*, is inter- 
rupted only between the prime G!ondu(Stor and 
the brafs balU which lie half an inch afunder ; 
therefore when the jar is charging, and the 
charge is become fo high as to (Irike through 

Ma half 
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half ati inch of alf, the jar will difchargc 
Itfelf, and by keeping the brafs ball at the 
fame diftance from the prime G)ndti£l:or, and 
charging the jar fiicceflively, the fhocks ^ill 
be of the fame ftfength. 

This electrometer is, however, fubjedt to a 
^reat inconvenience, which is, that the fur- 
fice of the brift ball is often deprived of 
Its fmoothnefs hf the force of the explofibn, 
in which cafe it becomes unfit for ufe. The 
priticipal ufe for which this eleftrometer is 
intended, u e. to give fhocks of the fame 
ftrength, may be more elegantly obtained 
by the above-defcribed quadrant ele6l:rometer, 
iv'hlch filffers no damage by the difcharges ; 
lience, t think, that a delineation, and a more 
particular defcription of the difcharging elec- 
trometer is unneceffary. 

f'ig. 5th reprefents Mr. Henly*s univer- 
fil difcharger, which is of a very extenfive ufe, 
and is compofed of the following parts, A is 
& flat board fifteen inches long, four inches 
broad, and one thick, or thereabous, which 
forms the bafis of the inflrument^ B B are 
two glafs pillars cemented in two boles upon 

the 
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1^ board A, and furnifhed ait their tqp with 
brafs capS) each of which has a turning joint, 
add fupports a fpring tube, through which, 
the wire D C Aides : each of thefe caps is 
com pofed of three pieces of brafs, conjae£ted . 
fo, that the wire DC^ beiides its Aiding through 
the fbcket, has two other ^motions, viz. an 
horizontal and a vertical on^. Each of the 
wires DtG, ^.C is furnifhed with an open 
ring at one irpd, and ^t the other en4 haa a 
brafs ball D, which, by a.fhort fpring focket, 
is dipt upoQ/ its pointed exttremity, and it 
may be removed from it at pleafure. E is a 
ftrong circular piece of wood five inches in di- 
ameter, having, on its furfac^, a flip of ivory 
inlaid, and furnifhed with a ftrong cylihdri- 
cal foot, which fits the cavity of the focket 
F, "which is faftened in the middle of the 
bottom board, and has a fcrew G, which 
ferves to faften the foot of the circular board 
E at any required height, H is a fmall prefs 
belonging. to this inftrument; it confifts of two 
oblong pieces of board, which may be prefled 
againft each other by means of two fcrews 
/I a: the lower of thefe boards has a cyKn- 
drical foot equal to the foot of the qfcular 
board £• When this prefs is to be ufed^ it is 

M J fixed 
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. fixed into the focket F, in the place of the 
circular board £» which muil^ in that cafe, be 
. removedf 

t 
Fig* i ith i$ an eledric jar coated with tin^ 

foil on the infide and outfide> within three 

inches of the top of the cylindrical p^ of 

the glafsy having a wire with a round brafs 

jknob A at its extremity. This wire pafles 

through the cork * D, that flops the moi^th 

of the jar, and at its lower end, is bended fo 

^s to touch the infide coating in fevera} 

places. 

4 

Fig. X oth rcprcfents a b?^ttery compofed of 
fixteen jars coated in the infide ^nd outfide 
witli tin-foil, which all together cpntain about 
twelve feet of coated glafs. About the middle 
cf each of thefe jars is a cork that fuftains a 
Wire, which at the top is faftened round, or 
foldered |:o the wire E knqbed at each ^nd, 
which conneds the infide coatings of four 
jars J and hy the wif es F F F the infide coat- 

% >. 

^ When coA$ arc ufcd to flop deftric jirs, they 
ftiovild be ipacfe very dry, and dipped in jwlt^ bees- wax 
or varaifhed, 

ings 
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ings of all the fixteeii jars are conneded to- 
gether. Each of the wires F has a ring at 
one end, through which, one of the wires E 
pafles, and the other end has a brafs knobi If 
the whole force of the battery is not required, 
one, two or three rows of jars may be ufed 
at pleafure ; for as each of the wires F F F 
is moveable round the wire E, which pafles 
through its ring, and refts upon the next 
wire E, it may be eafily removed from that, 
and turned upon the contrary wire E ; and 
thus the communicatioa between one row of 
jars and another may be difcontinued at plea-p 

fure. See the figure. 

... '' ■• * 

The fquare box that contains thefe jars is 
of wood lined at the bottorti with flieet-lead 
or tin, and has two handles on two oppofitc 
fides, by which it may be eafily removed. 
In one fide of the box is a hole,' through 
which, an iron hook B pafles, which com- 
municates with the metallic lining of the box, 
and confequently with the outfide coating of 
all the jars. To this hook is fattened a 
wire, the other end of which is connefted 
with the difcharging rod, 

m 

M 4 The 
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The difcharging rod confifts of a glafk 
handle A, and two curved wires B B, which 
move by a joint C, fixed to the; brafs cap of 
the glafs handle A. The wires BB are 
pointed, and the points enter the knobs DD, 
to which they are fcrewed> and may be un- 
fere wed from them at pleafure. By this con- 
firu^kion we have the opportunity of ufing 
the balls or the points, as ^dccafion requires i 
and as- the wires are moveable by the joint 
C, they may be adapted to fmaller or larger 
jars at pleafure. 

The battery, reprefented in the plate, is a 
fmall one in comparifon to thofe now fre- 
quently ufed, a:nd much too weak for the 
purpofe of fome experiments, hereafter to be 
defcribed. But I thought it fuflScient to give 
an idea of its conftruftion ; and, when a large 
battery is to be conftru£led, I would recom- 
mend rather to makd two, three, or more 
fmall ones as reprefented in the plate, than a 
fmgle larg^ battery, which is heavy, and, 
on feveral accounts, incQuv^nientt The force 
of feveral fmall batteries may be eafily united 
by a wire or a chain, and thus they may be 

made 
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made to a£t in every f:cGpcQ^ like a.largp 



one. 



F HI fig. 2* is a jcircular brai3 plate fiung oh 
the prime Condudtpr by a cluMfl, «qid r/eftr 
ing ia an horizontal pofition* Ux]^erneatk 
this, there is another plate P pacalld^ ^n4 
equal to the former {but' it would be.; bpttgr 
if it was a little laf^ger)^ which is fuppoite^ 
by a ftanjd H of 4)f4f8» haying al/p a fojcet to 
receive the.£bQt of t^ plate^ ^4 a fprewQ 
to fix it. at difl[erent diftaufces. 

\ ■ ■ ■ 

• * I « 

# » 

B i^ .fig. 2. i$ a fly made of imall bript(g 
wires ^uied in a cap pf brafs alfo, which is t^ 
be put upon the poi^ted wire. A^ tk^t is 
fcrewed to the prime Condu<3xM:i:UpqA whi^b 
it moid iland in equilibrio^ like thf^ aivedle ^f 
B, compafs. The pther ends, a^ ^, ^, ^of tfee 
wires are pointed and bent all ojip way* . 

N. B. whenever heregLfter I mention the 
prime Condudor^ I meaia the fxime Conduc- 
tor naked) that id, without tke parallel brafs 
plates F P, without the fly D and its fup-^ 
porting pin K, w.itljiout the ele^rpmejE^S JE^ 
and even without the knobed xoA I fi> MSbicb 
- is 
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•is fcrewcd to it occafionally j cxcqpt the con'- 

trary isexprefled. , 

« 

' It is highly rcquifite for an lEledrician to 
have, by him feveral infulating ftools^ or 
ilands, they being very neceffarj for feveral 
experiments. The beft materials to conftrud 
thefe are glafs covered with fealing-wax, and 
baked 'wood *. * A large ftool, proper to infu- 
late a chair upon, or two, three perfons 
ftandingy maybe made with k flrong/ board, 
about two feet and a half fquare, and may be 
fupported by four feet of glafs, or baked 
wood, about eight inches long. Biit fmaU 
ftands are better made with one foot or pil- 
lar, and all of baked wood or glafs, widiout 
any eondufling fubflance in their conftruc- 
tion. Drinking-glaffes, either varniflied, or 
in part covered with fealing-wax, anfwer this 
purpofe very well. 

♦ The wood (hould be baked very well, even till it be- 
comes 'quite brown, it then being in the bed ftate for 
infulatidn' ; and to make it ftill better, i . e. to defend \t 
from mo|tufe,i.t may be flightly varniflied as foon as it 
comes out of the oven, or elfe boiled in liofeed oil ; but in. 
this cafe, after boiling, it (hould be made hot- a^b^ SirS^ 
then it is fit for uTe* 

• CHAE 
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/ 

C H A P. IV. 

Pra£tical Rules concerning the V/i of the ekc^ 
trical Apparatus^ arid the performing ofEx^ 
perimmtsi^ 

I'. T often happens that young Elefhicians 
are at a lofs to ailign the reafon, why fbme 
experimeatsdo not fiicceed with them as 
defcribed in the Tfcatifes on Eledricity. 
Sometimes they are in pofleffion of very good 
inflxumdnts, but, by reafon of fome circum^ 
ilance or other, unattended to, they are quite 
ufelefs in their hands. This indeed can be 
remedied by nothing but pradtce, and it is 
|>y long ufe, !that the Eledriciaq, as well as 
the Pra^itioner in any art or fcience, • be- 
comes fb good an Operator, as to. ufe his 
inftrumehts to the bfeft advantage. A few 
rules are however very neceflary to guide hirA 
in his operations ; ahd although thefe alone 
are infufficient to make a perfbn a complete 
praftical Eleftrician, -yet, when accompanied 
with the adual manaigement of the apparatus, 
they facilitate the ufe of it, and render the 
performance of the experiments fliore accu*- 
rate and expeditious. 

The 
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The firft thing that the young Eleftrician 
jPljiould .obferye, i$, the pjr.?jf(^rvfition, and care, 
of his Loflxiipaents. The eledrical ix^achine, 
the coated jars, and in fhort every p^rt of the 
electrical apparatus, fhould be kept clean, and 
OS free as po^le ^roai :duft» and zaoiftuce. . 

When the weather is .clear, aad fthe air 
4ry, lefpeciaUy in jdcar iand frcxfty^iweather, 
ithe eledtrical madiia; will always work weUL 
But when the weather a§ : very . . ihot^ the 
•ele^rical machine is not tfo powerful: nor 
in dan^ weather^ except it be brought 
into a warm room:;. ^ 'and the cylinder, the 
^ands^ the jar^> &c. die made thoiroughly 






BoCore 4he^naic|iiAQ,})e jafed, the xylindor 
jQxi^M.rbe firft )^pe4'V^ <^^ with a fbft 

to 

iJinen <:loth, -that is.d;;^ cl^eaa, and warm; 
•aodj^^rwacds witI).aj^le9^^^ot i^^ or aijk 
old filk haadkerc|uef ; rthis done, if t^e winch 
beturned, when tUe .prime Cbnd^ and 

other ia(b'Qnu;ja.t|^ gre r,reaipved. iffpia the 
.^•aric^ fii#4»ei j«i,tfec7kpncy!e . jt)e held 
at a little diftance froixi^ j^li^ fpr^e of th^ 
a cylinder. 
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cylinder^ it iFfill be foon perceived that the 
eledric fluid comes like a wind from the 
cylinder td the knuckle, arid^ if the motioii 
be a little continued^ fparks^ and crackling 
^ill foori follow; This indicates that the 
machine is in good order^ and the Eleftriciani 
diay proceed to perform his experiments. 
But, if, when the winch is turned for fome 
dmcj no wind is felt upon the knuckle, then 
ftie fault is, very likely, in the rubber, and to 
remedy that, ufe the following dirediohs: 
By unfcrewing the fcrews oh the back of the 
rubber, remove it from its glafs pillar^ and 
keep it a little near the fire, fo that its filk 
part may by dried ; take now a dry piece 
«f mutton fuet, or a little tallow from 
A candle, and juft ]f>afs it over the leather of 
the rubber, then fpread a fmall quantity of 
the above-defcribed amalgam over it, and 
force it as much as poffiMe inttJ the leather. 
This done, replace the rubber upon the glafs 
pillar ; let the glafs cylinder be wiped once 
more, and then the machine is fit for ufei. 

« 
Sometimes the machine will not work 

well becaufe the rubber is not fufEpiently 

fupplicd with, cleric fiuid} which happens 

when 
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when the table, upon which the machine 
ftands^ and to which the chain of the rubber 
is connedled, is very dry^ and confequently 
in a bad conducing ftate. Even the floor 
and the walls of the room are, in very dry 
weather, bad G>ndud;or8, and they cannot fup« 
ply the rubber fufficiently^ In this cafe the 
beft expedient is, to conned the chain of the 
rubber, by means of a long wire, with fome 
moift ground, a piece of water, or with the 
iron work of the water-pump; by which 
means the rubber will be fupplied With as 
much eledric fluid as is required. 

When a fufficient quantity of amalgam has 
been accumulated upon the leather of the 
rubber, and the machine does not work 
very well, then, inftead of putting more 
amalgam^ it will be fufficient to take the 
rubber oflF, and to fcrape a little, that, which 
is already upon the leather. 

» 

It will be often obferved, that, the cylinder, 
aft^r being ufed fome time, contra£ts fome 
black fpots, occaiioned by' the amalgam, or 
fome foulnefs of the rubber, which grow 
continually larger, and greatly obftrudl its 
X ele£tric 
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dedric power. Thefe fpots muft be care- 
fully taken off, and. the cylinder mv& be 
frequently wiped in order to prevent its con- 
tracting them. 

In charging eledric jars in general, it 
muft be obferved, that not every machine 
will charge them equally high. That ma- 
chine, whofe eledric power is the ftrongeftf 
will always charge the jars higheft. . If 
the coated jars, before they are ufed,, be 
made a little, warm, they will receive, aod 
hold the charge the better. 

If feveral jars are connected togethier,' 
among which there is one, that is apt tO( 
difcharge itfelf very foon, then the other 
jars will alfo foon be difcharged with that ;• 
although they may be capable of holding* 
a very great charge by themfelves. When 
ele£lric jars are to be difcharged, the Elec- 
trician muft be cautious left, , by fome cir-; 
cumftance not adverted to, the |hock (hould 
pafs through any part of his body; for^a^ 
unexpeded iQiock, though not very ftraqg^^ 
may occaflon feveral difagreeable accidents.; 

la. 
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In makifig %ht difclutrge^ care thud be taken 
tiiat the dlfcharging rod be not placed on the 
tbinneft part of the glafft, for that may caufe 
the burfting of the jar. 

When lafge batteries are difcharged, jars 
Will be often found broken in it, which burft 
at the time of th6. difcharge- To rerhedy 
this inconvenience Mr, Nairn e fays he has 
found a very eflFedual method, which is, 
never to difcharge the battery through a 
good Conduftor, except the circuit be at 
Icaft five feet long, Mr, Nairne fays that, 
ever fince he made ufe of this precaution, he 
has difcharged a very large battery near a 
hundred times without ever breaking a fingle 
jar-, whereas before he was continually break- 
ing them. But here it muft be confidered 
that the length of the circuit weakens the 
force of the Ihock proportionably ; the 
higheft degree of which is in many experi- 
ments required. 

It is advifeable w!i:en a jar, and efpecially 
a battery has been difcharged, not to touch 
its wires with the hand, before the dtf- 
ebarging rod be applied to its fides a fecond, 

and 
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and even a third time; as there generally 
wmaihs a refiduum of the charge*, which 
is foinetimes very confiderable. 

When any; experiment is to be performed, 
which requires but a fmall part of the 
apparatus, the remaining part of it fhouJd 
be placed at a diftance from the machine, 
the prime Condudlor, and even from the 
table, if that is not very large. Candles^ 
particularly^ fhould beplacied at a confiderable 
diftance from the prime G)ndu^or, for the 
effluvia of their fl^imeg carry off much qf the 
I^Jeftric fluid* 

Laftly the young Eledrician Ihould be 
cautioned not to depend on firft appearances 
in Eledricityt A new plienomeijon may 
juflly excite his curiofity ; it i^ laudable to 
remark it, aqd tP purfue the hint ; but at 
the fame time even the doubtfuj affprtion of 



♦ This refiduum is occafioned by the Ele£lricity> that, 
Vfl^n the ia^ is charging, fpreads itfelf over the upcoated 
part of tGie glafs near the coatir^, which will not be 
difcharged at firft, bqt gra^usdly returns to the coating 
after the &ft diffhargc. ' 

N a new 
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a new fad ihould never be made, till after 
a number of fimilar and concurring expeti- 
ments. Eleflricity is a fcience that often 
deceives the fenfes, and the moft experienced 
Electrician frequently finds himfelf miflaken 
in things, vrhich perhaps he may have before 
confidered as the mqft certain. 



CHAP. 
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CHAP. V. 

Experiments concerning eleSlric AttraSiion^ and 

Repulfion. 

Experiment L 

The eleSlriJied Cork ball EleStro meter. 

WHEN the eleftrical machine Is put 
in order, and the prime G>aduftor 
is fet fo, that the points of the colledor aire 
about half an inch from the furface of the 
cylinder, fix at the end of the prime Con^ 
duftor the knobed rOd I B fig, 2. and -hang 
on it the eledromCter with the : cork balls 
fig. 3. The balls will now touch one ano- 
ther, the threads hanging perpendicularly, 
and parallel to each other. But if the cy- 
linder of the machine be whirled by turning 
the winch E, then the cork balls will repel 
one another, and more, or lefs, according 
as the Electricity is more, Or lefs .|)ower- 
ful. 

N» In 
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■ • . . . . • 

V « * .... 

In this experiment the glafs cylinder ex- 
jtradhng the eledric fluid from the rubber, 
tftrows it upon the pointed wires of the col- 
le<flor, and in confecjuence upon the prime 
Condudor, and the eledtrometer ; w|iich ar^ 
all conne^ed together : and as bodies over- 
charged with eledric fluid will always re- 
pel >49h other, fp the cprk balls muft fepel 

each other* 

■'..-.. . '. ^ • • 

If the eledtrometer be hung tp a prime 
Condu&or negatively ele4l:rifie(J, /. e. coiii- 
neded with the infulat^d rubber of the ma- 
chine> the cork balls will alfp repel each 
other ; for bodies, undercharged, will repel 
each other, as well as bodies overcharged w jt^ 
de&ric fluid, 

Ifi in this ftate of repulfioq, the prime 
ponduftor is touched with fome conducting 
fubftance not infulated, the cprk balls will 
immediately come together ; for the eleftrip 
fluid fupcrinduced upon the pripae Conduc- 
tor, and the eleClrometer communicating 
with it, will be carried away to the ground 
by. that conducing body; fo that in this 

»caie 
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^ ... 

cife the prime Conduftor can never be over- 
charged, nor can it b^ unde]:chargec|9 if coii-^ 
iie(5led with the rubber; for its deficiency 
of jBiiid is fupplied through that conducing 
body, with which It has been touched. But 
if inftead of the Conduding fu'bftaiicii, the 
^rime Conddftor is touched With an elediric, 
5s for inftatice a ftick of fealing-wax, i 

J ' ' ' '""V". 

piece of glafs, 8^d. then the ciork balls will 
tontihiie to repel each other; becaufe th6 
eledHc fluid (rantiot be conduced through 
that eleftric i Hence we have in eafy nie-^ 
tliod of determining what bodies a^^ Coa^ 

duatpts,* atid what eleftrics.* 

.... * 

■-TTiis elftftfical l^eptillioii is alC) fliewh \yf 
the quadrant cledfrometcr; v^ith a lirgti 
downy MiMtn or i\it like ; for If thrfe be 
^pfine6ted v^ith the! prime Condu6^or, and 
€he=wtach be tiiriiid, the dldarbmeter will 
*Ski6M iride*, arid the feather by the di««f- 
Wehcy of its dbwrf; will fipj^t fuelled in a 
oeautiflil mantier. 






,*. This method lo grofs yrill ^o y^ry w.ejl ; but whcrt 
%liii£^ cohduftiiig po^er of fluids or other like bodies, ani 
^Ke (jegrefe of that power is to be afcertamed, then ref« 

xrourfe'ixmft be Kaci to otbntr mtant tSE^ hlce, and accQ^ 

» 

*ate«.. • 

N % Ex- 
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Experiment IL 
AftraBion and Repulfion of light Bodies. 

• * ■ 

Connect with the prime Conduaor the 
two parallel brafs; platen F, P, as reprefented 
in fig. 2. at about three inches diftance from 
one another, and upon the lower plate put 
any kind of light bodies, as bran, bits of 
paper, hits of leaf-gold, &c. then work the 
machine, and the light bodies will foon move 
betw'eea the two plates, leaping alternately 
from one to the other with great velocity. 
If, inftead of bran or irregular pieces of 
other matter, fmall figures of men or other 
things ci|t in p^per, and painted, be put 
upon the plate, they wiU generally move in 
an ere£k pofition, but will fometxmes leap 
one upon another, or exhibit different pof- 
tures, fo as to afford a pleafing fpe£tacle to an 
obferving company. 

* 

In this experiment both the attradion, 
and repulfion of Eledricity are obferved at 
the {ame time : for when the upper plate 
F, which cosuaunicates with the- prime 

Con- 
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CDiidudor, is eledrifiedt the (mall bodies 

1! 

placed upon the lower plate, together with 
that plate» by being within the fphere of 
aftioii of the eleiirified upper plate, become 
actually poflfefled of a contrary Eledricity, 
leaving their proper ^ quantity of fluid in ^hc 
lower phte, or the other condufting bodies, 
that communicate with it. But bodies dif- 
ferently eleftrified attra^ each other ; there- 
fore the plate F, ^ttra6ts thofe light bodies. 
Now as foon as thefe bodies touch the plate 
E, they become inftantly poflefled of the 
lame Elcfkrlcity with the plate, and* will 
therefore be immediately repelled to the 
lo?wer plate, which is aftually electrified with 
the contrary Eledtfieity, and by touching the 
light foodies, affifts in repelling them again 
to the upper plate ; and thus the plates 
cotitinue to a6t upon the light bodies alter- 
nately. 

That the light bodies cannot be attrafted 
by the upper plate, except they become firft 
poflefled of a contrary Eleftricity,, may be 
obferved as follows. Put the faid light bo- 
dies upon a clean, and dry pane of glafs ; 
then take off^ the brafs, plate P, with its ftand 

■ N 4 G, 



V 
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G9 and in its ftead put the pane of glafs^ 

holding it by one cof ndt- j this done let the 

•wheel of the mdchintf be turned, and yoti 

will fee that. the light bodies are not a^^rad:-^ 

"J , . ', ■ . > ••■••. . • • 

ed by the brafs plate F ; for in this cafe they 
h^yei aO opportunity of partings with *tliieir 
proper quantity of 1 ^ fluid, and confequeliliiyT 
c|.n - not acquire the contrary Ele^icity*^^ 
Bui if to the under fide of the pane o£' 
glafs, on which the light bodies aire placed^ 
a finger or any other condudlor be prefented, 
then, thjb: light? bodies: will be inftantly at- 
traiQied by *he; plate Fy and will leap- be* 
tween the gUfs and plate^: in the £ime miti«9 ^ 
n^r as between the two . plates $ for thei<^ 
bodies now depofit their fluid upon the u^ 
per furfac^ of the glafs plate^ whilftthe uStw 
der furfa^e dejpofits its fluid upon the finger^' 
or other cotidu£tor» that has been brought: 
near it^« If this experiment be continued^ 
the glafs will foon be charged. 

* If the above experiment be made With a prime Con-^ 
duftor negatively eieftrified, Ihc effeA will ht the (Ame^ 
only the £ledri^itie^ of the plates ate reverftd^ /. e. th^ 
up^er plate is eteidirified negatively^ and the under plate, by 
being in the atmofpher^ of the upper one, is pofitively clcc-s, 
trifiedr 



'\ •■■ 
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Experiment IIL 

The Flyfng'featber, dr Shuttle^Cork^ 

The phenomena of eledric attraction and 
repulfioh may be reprefented alfo with a 
glafs tube, or a charged bottle, and fome of 
them in a manner more fatisfaftory, than 
with the machine* 

Take a glafs tube (whether fmooth, or 
rough, is not material), and after having 
rubbed it, let a fmall light feather be let out 
of. your fingers at the diftance of about 
eight or nine inches from it, - This feather 
will be immediately attraded by the tube^ 
and will flick very clofe to its furface for 
about two or three feconds, and fometimer 
longer ; after which time it will be repelled, 
and if the tube be kept under it, the fea- 
ther will continue floating in the air at a 
confiderable diflance from the tube, without 
coming near it again, except it firfl touches 
fome conducting fubflance; and if you 
manage the tube dexteroufly you may drive 

the 
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the feather throug^i the air of a room at your 
pleafure. 

The reafon of this experimeit is obvious ; 

• • • * • 

for when the feather is eledtrified, it cannot 
aj^roack the tube again^ except it firft 
toux:hes fome conducing body, becaufe it 
cannot part with its Eleftricity when float- 
ing in the air, and therefore cannot acquire 
a contrary Eledricity : confequently . it muft 
remain in a flate incapable of being again 
attraiSted by the excited tube. 

If it be aiked. why, when the feather is 
at firft attraded by the tube, it flicks for fo 
confiderable a time to ite fufface before it is 
Itptlledf the anfwer is, that the feather being 
an eleftric, requireth fome time before it 
acquires any confiderable quantity of £lec- 
tf icity. 

. There is a remarkable circumftance attend- 
ing this experiment, which is, that if the 
feather be kept at a diftance from the tube 
by the force of eledlric repulfion, it al- 
ways prefents the fame part towards the 
tube : — You may move the excited tube 
. 4 about 
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about the feathier verf fwiftly, ahd yet tht 
fame fide of the feather- will always bc'|)rc*- 
fented to the tube. The reafon of this phe- 
nomenon is, that the equilibrium of the- 
"feteftric fluid in the parts of the feather, being 
k^nce difturbed^ cannot eafily be reftored ; bc- 
caufe the feather is an ele£tric, or at leaft a 
very bad Conduftor. When the feather has 
acquired a quantity of Eledtricity from the 
tlibe, it is plain that by the aftion of the 
CSccited tube, that fuperi^ndAccd eleCtritity 
will bcx in the gteateft part forced on that 
fide of the feather, which happens to be at 
firft the fartheft from the tube j herifce that 
;part will always afterward be teftelled the 
fartheft. ■ • 



* 



(i ■ > 



■' This expetimfcnt may bc' agreeaWy varlfcd 
in the following maj»ner : A perfon may 
hold in his hand an excited tube of fmooth 
glafs, and another perfon may hold an ex- 
cited rough glafs tiAe, a ftick of feallng^ 
wax, or in fl\ort • (another eleftti^ negatively 
elediificd, at abotit one ftx)t ahd a haff 
diftaiice from the ffftooth glafs tube : a fea- 
ther now may be let go between tiiefe two 
differently excited electrics, and it will leap 

alter- 
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alctrnately from one clcftric to the othef ; 
add the two perfofis will feein to drive a fhut-^ 
tle^-^rk froin orie to the other; by the force 
WP Elearicityi 

Experiment IV: 

Tthe/Mali infuMted Body: 

. Tie a fmdl bddy^ as for ihftance a light 
piece of cork^ to l filk thread about eight 
inches long^ and holding the thread by itsi 
end^ let the fmall body hang at the diftante 
of about eight inches from thi fide of the 
prime Condui^lor eleftrified. Thife fmall 
body^ if the eleftrification of the C5ondu6ko^ 
is not ftrong, will not be attrafted; for; 
being infulated) it cannot, by depofititlg its 
fluid upon, or receiving it frofn ariother bo-^ 
dy (when the prime Condudlor is elfedlrified 
negatively)^ become contrarily elcftrified; 
But if a finger or any conduftirig fubftancc 
be prefented to the fide of die fmall body 
which is fartheft from the prime Cdndudor^ 
then the fmall body will immediately mote 
toward the prime Gondudorj for it has 
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^ipppfited its own fluid upon, or zcqaksA^ 

«... ...s •'» *•■■ 

, foTXiC (in cafe the condu&or is negatively, 
elediified) &om the body presented to ilk}: 
^nd when this body h^P touched the prin^ 
Conduiftor it will be inflantly repelled from 
it, on account of the repulfion exifting be- 
tween bodies poflefled of the fame kind of 

• • • . . 

Eledricityf 

Indeed, if this infulated body be very near 

♦ ■ • ■ » -. 

to the prime jCondtt^or^ or the prime Co(|« 

* • ■ 

.dudor firongly eledrified, then the fmaU 
]body will be attraAed without prefenting to 
it. ai^y condiiding f^ibftance ; but in thi$ 
cafe its n^tur^j quantity of electric fluid 
will be either repelled into the contiguous 
air, or crpuded on the part of the body,f, . 
which is farthefl: from the prime Condu^lor^.. ' 
if the Condu£lor is eleftrified pofitivelyi but- 
if it is ele(3:rified negatively^ then the addi* 
tional quantity of fliiid, neceflary to fend^ 
the fmall body overcharged, will be acquired 
from the air, or the natural fluid belong- ' 
ing to that body will be all crouded on that • 
fide of it, which is neareil to the prime Coar 
fJudor, , ... 



If 
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^ If this fmaH: hoAff kiftcod ^ the filki be 
fiifpended jbif a liaoft tfaHead it wiU.fafe at^ 
Jtndxd at a much greatdr 'diftsmccy • than in 
the other cafe; for now ; the elo&iic Qmd 
will eaiily be conducted by the thready 
pafiing upwards^; dr downwards ateording as 
the prime Conduftor is eledrifiedj viz^' Ne- 
gatively, or pofitively. 

ExpisR'iMEirr V. *^ 



4 i t 
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• ■ , . . . t ■ . 

Place upon an eledrlc ftool a mfetal quart 
mug, or fome other coMufting body nearly 
of the fame form and, dimenfion j then tie 
a fhort cork ball eledrometer of the kind 
reprefented %• 3.* at the end of a filk 
thread ' proceeding from the ceiling of the 
room, or from any other proper fupport, fb 
that the eledrometer may be fufpended with-i 
in the mug, and no part of it may be above 
the mouth j this done eledtrify the mug by 

* Inftead of the e!e6lrometer there may be ufcd any 
other kind of fmall conducing body 3 but that leeriis beft 
adapted to fuch experiments. 



• • 



giving 
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giving it- a ipark with aa excited eJeftnc or 
other^ife) and you will fee that thr elearo-i 
iBjeter^ whilft it remains in that' ihfvi^^d 
fituati0ix» eyen if it be made to touch the 
(idea of the. mug, is not attraded by it, 
aor does it acquire anyEle&ricity; biit, if 
whilft it ftands fuipended withki the mug, 
fL Gondudior, ftanding out of the mug, be 
made to ; communicate with, or only pre- 
fented to^ it, then, t&e: elefl:r6meter acquires 
an Eleftricity contrary to that of the mug, 
find a quantity of it, which is proportionable 
to the body, with whkh it has been made 
to communicate ; and it is theij immediately 
attr»<Sted by the miig.^ . , 



J • 



The reafiio why in this experiment the 
icle£trometer contra^ no Eledtricity whilflr 
fufpended intirely withia the cavity of the 
mug, isy becaufe the £le£fcricity of the mug 
a&s upon the ele£brpmeter on all fides, and 
this has no opportunity of parting with its 
fluid, when the mug is eledlrified positively ^ 
nor of receiving any, whea the mug is 
eledrified negatively. But» as foon as any 
Conductor commumcates with it, the elecr 
trometer becomes* immediately po^efied of 

the 
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the Elcdricity contrary td that of the piug } 
for if the mug be dearified pojfitively, the 
fluid belonging to the electrometer will be 
repelled to that body, which communicatee 
V?ith it ; and which, being out of the mug, 
cannot be affeded by fts Eledricity ; and if 
the mug is elefirijBied negatively, it will at- 
tract the fluid of th^ eledtometer, which 
adually receiver an additional quantity of it 
from that condu£Hng body, with which it 
communicates* The eledlrometer therefore, 
becoming always pofiefTed of a contrary Elec-» 
tricity, mufl: neceflarily be attracted* 

If, by raifing the filk thread a little, part 
of the eleftronveter, /. e. of its linen threads, 
are lifted juft above the niouth of the mug, 
the balls will be immediately attra£led ; for 
then, by the aftion of the E^lefl:ricity of the 
mug, it will acquire a contrary Electricity 
by giving to, or receiving the eleftric fluid 
from, the air above the cavity of the mug* 

It has been fuppofed by Ibmc, that the 
electrometer in the above experiment (or 
any other fmall infulated body), hanging in 
the cavity of an elcCtrifiecJ veflel, , or th^ 

like. 

' 5 
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, . . , . » . . . 

like; is hbt attracted by the fides of the 
yeife^ becaiife the attradion d^ Elefftricity, 

• , . • ■ 

being^ as the iqilare^ df the diftaaces ia<- 
irerfelf; cannot iStdi the eledrometer one 
way more than another; it being demons 
Jlrable that; if tb etery point of aTpherical 
concave furfaCe^^ equal centripetal forces, are 
dire&ed; decreafing as the fquares of the 
diftances from thofe points^ a fmall body 
iituated any where within that furface^ would 
i*emain there, iiv^ithout being attracted one 
way more than another*; 

■ . .. ■ .. . ■. ^ , ,. •• • 

But to this it may be replied, that^ the 

« • • . ■• . 

demdnfiratidh of the above-mentioned pro^ 
pofitioh, if it is applicable to fpheriCal, or 
tylindrical concave furfaces^ cadnot, how« 
ever^ be applied to etery kind of irregular 
i::avitieS} with which (If they exceed not a 
tertain fize) the above experiment fuCceedst 
as well, as with the cylindrical cavity of the 
niugi 

, . r « I • • 

In fhorti in. this experiment, When the 

r 

iniig is eledlrified poiitively, it is fuppofedji 

* Nekton's Prindpia book I. prop. LXX. 

O L That 
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I. Jhat'thc fuperindticed fluid, teking place 
Upon the external furface, occafionfr the con- 
tiguous air -to depofit its fluid upon afub- 
fequent quantity of air, and this overcharged 
air occafions a contiguous circle, or quantity 
of airi to depoifit its fluid upon its fub- 
fluent or next adjacent circle, and fo on. 
n. That none of the fuperinduced fluid can 
cxift upon the'intcmal furface of the mug, 
and tberdfore, infutafed bodies inttrely fufo 
pcnrf^i- -therein, can acquire no^ cleSricity, 
becaufe the internal air has no opportunity 
of parting with its own fluid, except a 
itnall quantity about the mouth c£ the* mug, 
where, accordingly, a little Eie£lricity is ob* 
fer vaWe, When • the mug k eJedrified ne- 
gatively> then it is fuppofed I; That the de- 
ficiency of fluid in the mug is only on its 
externa! furface ; for the air, contiguous to 
this furface, by acquiring an additional quan- 
tity of eledric fluid &om the next flratum 
of air, may become eleftrified pofitively. 

II. That the internal furface of the mug is 
not undercharged, becaufe ks contiguous air, 
being iurrounded by the mug, cannot be- 
come overcharged, by acquiring an addition- 
al quantity of fluid, except a fmall.qliantity 
•4 towards 
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towardis the mouth of the mug, where, ac- 
cordingly, 4 little Eleftricity is obfervable. 

Experiment VI. 

7b dijimgu^ the ^ality of EleSiricity in elec^ 

trified Bodies. 

Before we proceed further, it is neceflary, 
that we fhould defcribe fome pra6tical me- 
thod of difiiaguifhing the quality of the 
Electricity in an electrified body, which is 
abfolutely neceflary for the riglit perform- 
ance of the enfuing experiments. To dp 
fhis, different methods may be followed^ 
Vrhich however are all founded, either upon 
thfi eledric attradlion, and repulfion, or 
Upon the different appearances of the elf c<? 
. trie light. To find put the quality pf Elec- 
tricity by the different appearances of it$ 
light, is a very convenient, and fure me- 
thod ; but the phenomena of attradion and^ 
repulfip^, afford one muc^« more genera^ 
and ieafy ; for ipmetimes the quantity of 
Ele6lricity to be obferved is fo very fmall, 
that it will give no light, though it may be 
ftill capabl6 of attrafting or repelling.* 

O 2 The 



1^6 A COMPLETE TREATISE 

The general method to prove whether the 
Eledricity of a body, electrified either by 
excitation, . or communication, is negative, 
or pofitive, is, to bring it pretty near to an 
eleftrified eledtrometer D or C fig. 4, and 
obferve whether the body attrads or repels 
it ; for if the ekftrometer is eleftrified po- 
fitivcly, and the eleftrified body repels it, 
then you may conclude that the body is 
alfo eledlrified pofitiyely; becaufe bodies, 
pofleffed of the feme kind of Elcftricity, 
repel each other ; but if the body prefented 
attradbs the Eledrometer, then it muft be 
eleftrified negatively, becaufe there is no 
eledric attraction between bodies, unlefs 
they are differently eleftrified ; and as the 
electrometer is known to be eleCtrified pofi- 
tively, the body is confeqiiently eleClrified 
negatively. 

Tl^is may be alfo done by eledrifying tlie 
eleCtrbmeter negatively ; but then the' efFeCts 
are juft the contrary, /. e. the eleCtrified body, 
if negative, will repel the electrometer, and 
if pofitive, will attraCt it. 



In 
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In this experiment, however, it muft be 
obferved, that, if the Electricity of the elec- 
trified body is much ftronger, than that of 
the eledrometer, or the Electricity of the 
latter ftronger, than that of the former, and 
the eleftrified body be brought very near the 
eledrometer, then, they will attraft one 
another, notwithftanding they are poffefled of 
the fame kind of Electricity, Suppofe, for 
inftance, that one of the electrometers C is 
pofitiv^ly elefl:rified, fo that its cork balls 
may diverge about half an inch, and a glafs 
tube ftrongly excited be brought near it; 
when this tube is a foot diftant, or more, 
the eleftrometer will be a little repelled by 
it ; but if the tube be brought nearer, the 
cork balls, that before diverged half an inch, 
will now converge till they are in contaCt, 
and appear, a§ they aCtually are, uepleo- 
trified; becaufe the aCtion of the excited 
tube b^s repelled their fuperfluous fluid 
through the thready up to the rertioteft part 
of the electrometer. If the tube be pre- 
fented ftill nearer, the balls will then be at- 
tradled by it, becaufe the ftronger EleCtriclty 
of the tube repels not only their fuperin- 

O 3 duced* 
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duced, but alfo their natural quantity of 
fluid up the threads, &c. and therefore 
the balls, becoming negatively ele^rificd, 
muft neceflarily be attrafted by the tube, 

But fhould a more precife method than 
the above, be required to determinfe the qua-** 
lity of the Eleftricity of an eledrified body, 
the following may be -ufed. Firft eleftrify 
one of the eleftrometers C, placed tapon the 
fland fig. 4, either pofitively, or n^atively^, 
at pleafurt : totfch it^ for inftance, with an 
excited glafs tube, fo that its balls may re*-? 
pel, and ftand iabout two inches diftant from 
one another ; then 'touch the other eleSro- 
ineter C ^?frith the eleftrified body, that you 
defi!^ to examine, £0 that it may be pof- 
fefled of the fame degree of Ele^ricity : 
Laftly, take either of the two eleftrometefs 
by the tdp of the glafs handle J, difengage 
it from the arm of the ftand, and bring it 
near the other eleftromfeter; if then, the 
balls of one ele(9Tometer repel thofe d£ the 
other, you may ^conclude that they are pof- 
fefled of the fame kind of Eleftricity ; but 
if they aftraia each other, you may con^ 
elude thit they were eledrified with con^ 
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trary Eledricities ; and as you know the 
Eleftricity of that eledrometer, which was 
firft electrified, you will alfo know the 
Elediricity of the other eleftrometer, /. e. 
of the electrified body, with which it was 
touched. 

The above experiment may be alfo made 
with the fingle-thread elcdtrometers ; for if 
they are brought near to one another, when 
their feathers are eleCtrified, they will, if 
poflefTed of the fame Eledricity, repel, or if 
poffeffed of contrary Eledricities, attrafl: each 
other. 

Experiment VII. 

T^he infulated metallic Rod. 

Infulate in an horizontal pofition a me-> 
tallic rod about two feet long, having blunt 
ends, and to one of its ends fufpend an 
feleCtrometer, like that reprefented fig. 3, 
then bring within three or four inches 
diflance of its other end an excited glafs 
tube. On the approach of the tube, the 
balls of the eledrometer will open, and if 

4 you 
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you prcfcnt towards them a body pofitiv^cly 
electrified, you will perceive, that they di- 
verge With pofitive Eleftricity. If the tube 
is removed, the. balls come together again, 
and no Ele£kricity remains in them, or in 
the metallic rod. But if while the tube is 
near one end of the rod and the balls di- 
yerge with pofitive Electricity, the other 
pnd of the rod, wz. that, from which the 
ele<S:rometer hangs be touched with fome 
conduftor, 'the cork balls will come imme- 
diately together, and they will repiain (b 
when the Condudor has been - removed ; — 
remove now the excited glafs tube, an<3 the 
balls will immediately diverge with nega- 
tive Eledriqity, which fbows that the rod 
remains undercharged, /. e. eleftrified nega- 
tively. 

The reafon of this experiment is, that the 
repelling power of the excited tube driving the; 
fluid of one end of the rod to its other end, 
/. e. to that, with which the electrometer is 
connected, renders this end ele(5trified pofi- 
tivelyj but in fa6t the tube communicates 
no Eleftricity to the rod, it only difturbs 
the equable diffufion of its fluid : in conie- 

quence 
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Quence of tbis^ the eledrometer, hanging 
to the overcharged end of the rod, muft 
neceflarily appear to be electrified pofitively; 
bjat when the tube is removed, then the 
jeledlrometer appears again unele^rified : for 
the fluid, which had by the a£Hon of the 
tube been driven to one end of the rod» 
now retires to its former f^uation, and 
leaves the rod wifh the ele^on^eter unc- 

|ejarjfie4, 

I 

In the fecond cafe, when the balls of the 
pledrometer diverge with pofitive Eleftricity, 
if that end of the rod is touched with fome 
condin&or, all its fuperfluous fluid, which 
is no other, than that belonging to the op- 
pofite end of the rod, will be communi- 
cated to that* body, with which the rod is 
touched^ and therefore tlie eledlrometer re- 
mains uneledrified : but now in fs^Gt the 
rod has loft fome of its natural quantity of 
fluid ; for if the end of it, that is fartheft 
from the excited tube, remains in its natural 
Aate,the other end is undercharged ; confe- 
quently, when the tube is removed, the fmall 
quantity of fluid, that remains in the rod 
will diffijife itfelf uniformly through it j )^u% 

this 



.v.* 
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thi^ fubftance, and w&^h, iafter that fub(iance 

I 

has been removed, the ekcited elqdric is alfo 
removed) the rod will remain overcharged, ; 

• ■ * 

« . ■ • . ' * 

In making this experiment, care muft be 
taken that the end of the rod be very blunt, 
and that thifi ^lefliric be tafot very powerfully 
excited, otherwife a fpark may paft firom thi^ 
to the rod, which renders the experimeqt 
|)rcc?irions. 

Experiment VIII* 

^be^ tfwo infulat^4^m^tallic Rods. 

Take two rods of metal each aboiit a foot 
long, furniflied with knob? at both ends, 
and, either by filk lines, or by infulating 
llools, Infulate them, fo that they may (land 
horizontally in one dirp(ftion, and at about 
half an inch diftance from- one another* To 
the middre of each of thefe rods hang an 
ele<3:rometer like that reprefen^ted fig. 3.-^ 
This done, take an excited glafs tube amj^ bring 
it to about three inches diftance from the 
knob of one of the rods ; on doing which 
the eleSrometers of both rods will appe^^r 
electrified : keep the tube ia that fituation fpr 
} abou( 
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about two feconds, then remove it. The 
rods now will remain eleiStrified^ as appears 
by thfe eledtrometers, the firft, viz. that to 
which the excited tube had been prefented 
j^emaining negativei and the other pofitive* 

The reafon of this phenomenon is, that 
when the tube was near the end of one of the 
rods, the action of its fluid, repelling the fluid 
of that rod, caufed it to pafs in a fpark to 
the other contiguous rod, on which accountt 
when the tube was removed^, the firft rod, 
having loft fome of its natural fluid, remained 
undercharged, and the other rod, acquiring 
the fluid loft by the former, became over* 
charged. 

In this experiment if inftead of the glafs 
tube, an electric negatively excited be 
brought hear the end of one rod, then that 
rod will be ele£trified pofitively, and the other 
negatively ; for the adtion of this electric, ,; 
producing juft the contrary efFeft of the glafs 
tube, inftead of repelling the fluid of the 
firft rod into the fecond, attracts that of the 
fecond into the flrii 



In 
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/ 

la tbis (scperiment) the al«6tric ^oes not 
communicate any EledriQity of its own ; but 
oaly 4ifturU the equilibrium betwoeu the 
fluid of the rods. 



CHAP. 
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C H A P. VI. 

Experiments on eleiiric Lights 

TH E following experiments require to 
be made in the dark ; for although 
the eledric light in feveral circumftanccs may 
be feen in the day-light, yet its appearance in 
this manner is very confufed, and that the 
Eleclrician might form a better idea of its 
diflFerent appearances, it is abfolutely neceffary 
to perform fuch experiments in a darkened 
room. 

Experiment* J. 

TJlfe Star and Pencil of eleSiric Light. 

When the eledrical machine is in good 
order, and the prime Conduftor is fituated 
with the colledor fu£Bciently near the glafs 
cylinder (which fituatio|i I fliall call hereafter 
its proper place)^ turn the wicicbt and ypu 
will fee a lucid ftar at each of the. points of 
the coUedor. This ftar is the conftant ap- 
pearance of the electric fluid that, is entering 
a poiat. At the iame time you will fee a 
ftrong light proceeding from the rubber, and 

fpreading 
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fpreading itfelf over the furface of the cy^ 
lindcr ; and if the excitaftioH df the cylinder 
is very powerful, denfe dreams of fire will 
proceed from the rubfeer, arid dartifa^ rounci 
almofl half the circumference of the cylinder^ 
will reach the points of the colledor *. 

If the chain or the rubber is taken off, and 
a pointed body, as for inftance, the point of 
a needle or a pin, is prefented to the back of 
the rubber, at the diftance of about two 
inches^ a lucid pencil of rays will appear to 
proceed from the point prefented^ and di- 
verge towards the rubber* This pencil is 
the conftant appearance of the eledtric fluid 
iffuing from a point; and in fadl it now 
comes out of the point, in order to fupply the 
rubber, which is conftaiitly exhaufted by the 
cylinder in motion* 

If another pointed body be prefented to the! 
prime Gondu£tor, it will appear illuminated 
with a ftar j but if a pointed wire or otheif 



* If the prime dohduftor' is removed, the denfe 
ilreams of fire will go quite round the cylhlder ^ reaching 
from one fide of the rubber to the others- 



pointed 
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J)ointed,conduaing body be conneded with 
the prime Conductor, it will throw out a 
pencil of rays; for the prime Condu£tor 
being overcharged, the fluid departing frbm 
it muft^ agreeably tp the law, form a pencil 
on that point from which it flies off, and a 
fl:ar, on that ppint, which it enters*. 

From this experiment may bfe learned the 
inethod of diftinguifhing the quality* of the 
Eleftficity of art eleftrified body, by the api- 
pearance of the eledtrlc light j fol: if a' needle, 
or any other pointed body be prefepted ih 



* It may be afked, vvhy the eledric dt^Id entering % 
point, caufeth the appearance of .a (lar, and when going 
out of the point caufeth the appearahcd of a bru(h of rays ? 
In anfwer to ithh,queftion^ F. Beccaria fuppoTesV-that 
the ftar is occafioned by the difficult^, with which the 
dearie fluid is extricated from the air<»- which is aneleQ* 
trie ; fuppofe, for inftance, that a pointed wire is prelent- 
€d to a body poiitiVeiy ele(Srified,"tKe cleftric fluid is firft 
from that body communicated to the ait between it and 
theyrire, and theilr' the wire muft extricate it. from thsit 
air. Thebrufh, he fuppofes, jto b^ occafioned by th« 
forccj with which the eleflric fluid, going out of a poiht, 
runs through the contiguous air^ to that which is more 
remote from it, i. e. by dividing the contiguous air, and 
not by afllixing itfel^to it. 

P the 
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tlic ^ark with tlic p^mt fdwaf^s a body 
*ftrbngly ele^rifi^cl, it Will appear illuminated 
with a ftar, when that l^ody is eTedlriiSed 
*pbfiidvely, and witfe a pettcii i^r bmih^ When 
It is el^driiSed faegatively* 



Drawing Sparks. 

Let the prime Gondudor be iituated in its 
proper place, and eleflirify it by working the 
machine; then bring a metallic rod with a 
round knob at each end, or .the knuckle of 
a finger, . within a proper diftance of the 
prime CJondudtor, and a fpark will be feen 
between thk, and the knutkle, or khobed 
"^ire. The longer, and Wronger fpark is 
-drawn from that end of the prime Conduc- 
tor, which is fiirtheft frohi the cylinder, dr 
father from the end of the khobed rod I &, 
'fixed at its enife, fig. 2.; for the ele<9:ric 
fluid feems to acquire an impetus by going 
through a long Condu£ix)r, when eledrified 
liy a po^irerftil machine *. 

♦ The reafon of this, I think, is, 'bcctiitfe that end of th^ 
prime Coftdtiddr is lels influented by the atinbfphere of 
the excited cylinder* 

This 
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^lliis (park (which has the fame appeafance 
3»7l»ether drawn from a prime Gondudor pQ« 

Aiwoiff <«r negativdy cle<arified) appears like 

». _ 

^ iojsig line * of fire, reaching from die Con- 
idu Aor 4x) the oppofad body, and often (par« 
tioulttrly when the fpark k long, and differ- 
4^t jcondodtiiig fi^Dftances are near the line 
4)f its direSbioa) it w^ have the appearance 
of bdiig bended to &arp angles in different 
places, exa<9:ly refembling a flafh of light- 
ning. Not3j4thffeiuding, hoover, this ex* 
tended appearance, which is imputed to the 
quick paffage of the lutiiinous matter, the 
eledric fluid, palfing from one body to ano- 
^er in a {park, is teafons^bly /thou^t to pro- 
.ceed la ;a feparate, and, neariy globulAT 

* 

TrheidiMdion ci the i^ztk often tlaecivaJ 
-the'moft experienced :£ledii:rician, .it .iteming 
ifbinetimfis ^to proceed from otie place, ^nd at 
/otHeir tingles under ti^e fame circomftanceis to 
proc6^£x>ai theoppofite« When the prime 
CJondam&or.is.eleftrified pofitively, the fpark 

* It otttti darts t>fii(hes of light fide*' ways, in every 
4ir»ai(in. 

P 2 mujft 
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muft cei-tainly proceed from it, and go to the 
body prefcnted; and when the prime Con- 
du(3:or is eledlrified negatively, the fpark 
muft proceed from the, body prefented, and 
go to the Condufton This, however, we 
learn by reafoning from other experiments ; 
for the real diredlion of the fpark in the 
above experiment, is much more rapid in 
its motion, than to adrdit its form, much lefs 
it;s diredicMi to be perceived by our eyes. 

Experiment III. 

The eleStric Light flajbing between two 

metallic Plates. 

Let twoperfons, one ftanding upon an in- 
fulated ftool, and communicating with the 
prime Conduftor, and another ftanding upon 
the floor, each hold in one of his hands a 
metal plate in fuch a manner, that the plates 
may ftand back to back in a parallel fitu- 
ation, and about two inches afiinder. . Let 
the winch of the machine be turned, and you 
will fee the flaflies of light between the two 
plates fo denfe and frequent, that yo^ may 
eafily diftinguifti anything in the room. By 
this experiment the eledric light is exhibited 
4. in 
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in a very copious, and beautiful manner, and 
it bears a ftriking refemblance to lightning. 

Experiment IV, . 

To fire infiammable Spirits. 

The power of the eledric fpark to fet fire 
to infiammable fpirits, may be exhibited by 
Several different methods, but more eafily 
thus : Hang to the prime Condudlor a fhort 
rod having a fmall knob at its end, then 
pour fome fpirits of wine, a little warmed, into 
a fpoon of metal * ; hold the fpoon by the 
handle, and place it in fuch manner, that the 
fmall knob on the rod, may be about one 
inch above the furface of the fpirits, ^ In this 
fituation if, by turning the winch, a fpark 
be made to come from the knob, it will fet 
the fpirits on fire. 

This experiment happens in the very fame, 
manner whether the G)ndu<3:or is electrified 

« 

♦ The readiefl: way to warm the fpirits for this experi- 
ment, is to fet it on fire with a candle when it is in the 
fpoon, and after it has burned for about two feconds, to 
blow it out with your breath. In this ftate it will be found 
very ready to take jfire, even by a fmall fpark. 

P 3 pofitively 
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pofitively or negativfely, /• e. whether the 
fpark be made to come from the C!ondu£tor9 
or from the fpoon ; it being only in confe-^ 
quence of the rapid motion of the fpark that 
the fpirits are kindled. 

It will be perhaps fcartre neeeflkry to re- 
mark, that the more inflaimmable the fpirits 
are, the more propfer they jyill be for this 
experiment, as a fmialler fpark will be fuffi-* 
cient to infliame theol; therefore reftified 
^ fpirit of wine it better than common proof 
fpir^t, and aether bettet than either* 

This experiment nkay be raried diflFerent 
ways, and may be tendered very agreeable 
to a company of fpediators j a perfon, for 
inftince, ftanding t^on an dearie ftool^ and 
communicating with the prime Ciondti6tor, 
may hold the fpoon with the fpirits in his 
.band, and another perfon, ftaoding upon 
the iloor, may fer the fpirits <m 6r^ by 
bringing his finger within a fmall diftance of 
it. Inftead of his .finger, he "may ^re the 
fpirits with a piece x>f ice, when the ejcperi- 
ment will feem much more fui^vifiog* If 
the ipoon is faddi>7 tli« ^rlcm ibteding ^xp&tx 

the 
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the floor, and the infulated perfon brings 
fqn}.e conducing fubftance OYpr the furface of 
the ibiritSi the experiment fucceeds u 
well. 



-•■ » r 



Experiment V, 

•» r ■ 

7ibe artificial Bosnian Stone, illuminated by 

the ekSlric Light. 

The moft curious- experiment to fhew 
the penetrability of the eleftric light, is made 

with the real, or more eafily, with the artifi- 

"» » » • • . 

cial Bolonian ftone, invented by the late Mr. 
J. Ganton. This phofphorus is a calcareous 
fubftance generally ufed in the form of a 
powder, which has the property of abforb- 
ing light, when expofed to it, and after- 
wards to appear lucid when brought into the 




* 



• 
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^ Tfae method of making this phoTphqrus is as foUows • 
'* Calcine fome comippn' oyfter (bdls? (if .they are old, 
and lialf. calcined by, time, fuch as are tommonly found 
upon tfie feaihore, tbey;ire, as Mr. Vf. Canton obferves, 
fo muoh the betterj^ ^' by keeping them in a good C69I 
^^ £re for half an hour ; let the pureft part of the calx bo 
^^ pulverized, and £fted ; mix with three parts of this 
^V powder one part of the flowers of iulphur; let thit 

P 4 f * mixtunt 
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Take fome of this powder, and, by means 
of fpirits of wine, or aether, ftick it all over 
the infide of a clear glafe phial, and ftop it 
with a glafs ftopper, or a cork and fealing-? 
wax. If this phial be kept in a darkned 
ropm (which for this experiment muft be 
very dark) it will give no light, but let two 
or three ftrong fparks be drawn from the 
prime Conductor, when the phial is kept at 
fibput two inches diftance from the fparks^ 
fo that it may be expofed to that light, and 
this phial will receivt that light, an4 after-5 



" mixture be rammed into a crucible of about an inch 
*^ and a half in depth, till it be alnrwft full ; and let it bq 
** placed in the middle of the fire, where it muft be kept 
*' red-hot for one hour at leaft, and then fet it by to 
** cool : when cold, turn it out of the crucible, and cut- 
** ting or breaking it to pieced, fcrape off, upon trial, the 
'* brighteft parts; which, if good phofphorus, will be a 
*^ white powder, and may be prefervcd by keeping it in 
** a dry phial wirh a ground ftopple/* 

If this phofphorus, whether in the phial or not, be kept 
in the dark, it will give no light, but if expofed to the 
light either of the day, or of any thing clfe, and after- 
wards brought into a dark place, it will then appear lucid 
for a coniiderable time. For farther propenies of thi^ 
phofphorus, fee the Phil. Tranf. Vol IrVHI, 
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wards will appear illuminated for a confider* 
able time, 

, This powder may be ftuck upon a board 
by means of the white of an egg, fo as to 
reprefent figures of planets, letters, or any 
thing elfe at the pleafure of the operator, and 
thefe figures may be illuminated in the dark^ 
in the fame manner as the above-defcribed 
phial. 

A beautiful method to exprefs geometrical 
figures with the above phofphorus, is to 
bend fmall glafs tubes of about the tenth 
part of an inch diameter, in the ihape of 
the figure defired, and then fill them with 
the phofphorus powder, Thefe may be illu- 
minated in the manner defcribed, and they 
are not fo fiibjeft to be fpoiled, as the figured 
reprefented upon the board frequently are* 

The beft method of illuminating this 
phofphorus, and was that Mr. W. Canton 
generally ufed, is to difcharge a fmall eleftric 
jar near it, 

i ExPERf- 
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Experiment VI. 

fig. 6. Fla|e I. f^preibnt? 9 prime (^Qt 
^uiftpr isyented by Mr. H^nly, w^^ipli 
jE^^s pWriy |hc direiftipn pf tjje ele€tr»i: 
fitti4 Pft^Pg througji it, fxQXf^ wlien?e it is 
called the luminous Condu6ior, The ini4r 
die part £ F of this G)ndu£lor i$ a glai^ 
U;^ ^m eiglfteen ioche^ IpQg? 9a4 t)|ree 
/9f ^uj- iocj^s in di^f ter. To hoik cfwlf 
^ ^i« tube the hollp}^ br<^9 pieces ^ Qt 
^ £, are $:c|neated air-tijgh^, pne pf yvbiipb 
^ a point C, by w\^v:)x i^ receives i^e 
jekdtric ^luf4» wh^sn iet ^ear it^e P?:citfi4 .c^r 
Uodier f4 ^ .Atd^ti^ f^cbi^ef ^d jtbe 
ptber \m a JqM>be4 wire Q, frop^ w^b f 
ftrong %vk jn^y be f?f awp } 9fl4 ^PW CAcb 
of the pieces FD, B E, a knobed wire pro- 
((^s vitbM^ ^ c^ity .of the glaf$ jtube. 
Tjbe br^fs piece f I>, pr ^ E^ ^ <pm^f^ ^ 
$.y/9 partEt, /. e. « .c;^ ^ f en^eoted tp ,tbe 
glafs tube^ and having a hole with a 79^Vfi^ 
by which the cavity of the glafs tube may 
iiie ^;$)]^fted of air ; and the ball Dt which 
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i> (krewad upon the cap F. The fupportert 
of this inftrument are two glafs pillars 
fafienod in the bottom board H9 like the 
prime Goodudlor reprefented fig. 2. When 
the glafs tube of this Cbndu^kNf is exbaufied 
of air hf meads of an air pump, and the 
brafs bali is ikrewed on^ as reprefented in 
the figure^ then it is fit for u&t s^nd may 
ferve for a prime Conductor to an ejeftrical 
Sxuurhine^ 

If the point C of this GonduSor is iet 
near the excited cylinder of the machme, it 
will appear illuminated with a fiar ; at die 
fame time the glafs tube will appear all illu- 
minated with a weak light; but from the 
knobed wire, that proceeds within the glafs 
from the piece F l>9 a lucid pencil will iflue 
out, and the oppofite knob .will appear illu- 
minated with a fiar^ which, as well as the 
pendl of mys, is very cleart afid difoernible 
ymodig the other l)^t» ithal: xKcaipies the 
greaceft pavjt of iAm ^vity of t^ tidbe. 

If tiie point (C, inftead j)f being pceiented 
to <the x^yiinAcT) ht cobisedad wida the rub- 
hcr^ai tlie ytaciuiii^ tbe apfeaoouie t)f light 

within 
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within the tube will be reverfed : the knob 
which communicates with the piece F D ap- 
pearing illuminated with a ftat) and the op- 
pofite with a pencil of rays ; becaufb in this 
cafe the diredion of the eleftric fluid is juft 
the contrary of what it was before ; it then 
going from D to B) and now coming from B 
and going to D. 

If the wires within the tube E F^ inftead 
of being furnifhed with knobs, be pointed, 
the appearance of light is the fame, but 
it feems not fo fbrong in this, as in the. other 
cafe. 

Experiment VIL 

T^he con3u6ting Glqfs Tube. 

Take a glafs. tube of about two inches 
diameter, and about two feet long; fix to 
one of its ends a bi;af6 cap, and^ to the other 
a ftop-cock, or a valve ; then by means of 
an air-pump exhauft it of air. If this tube 
be held by one end, and its other end be 
brought near the elcftrified prime Conduc-f» 
tor, it will appear to be full of light, when- 
ever 
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ever a fpark is taken by it from the prime 
Condudor ; and much more fo, if an electric 
jar be difcharged through it 

This experiment may alfo be made with 
the receiver of an air-pump ; take, for in- 
ilance, a tall receiver clean and dry, and 
through a hole at its top infert a wire, 
.•which miift be cemented air tight. The 
end of the wire, that is within the » tube, 
muft be pointed, but not very iharp.; and 
the other end muft be furnifhed with a knob. 
Put this receiver upon the plate of the air 
pump, and exhauft it. If now the knob of 
the. wire at the top of the receiver be touch- 
ed with the prime Condudor *, every fpark 
will pafe through the receiver in a denfe and 
large body of light, from the wire,, to the 
plate of th6 air-pump^ 



f »> 



* When anything is to be touched with the prime 
Condudlor, that is not very portable, as the air-pump 
above mentioned, );he.cojiimunication between the former 
and the latter, may be tffode' by means of a rod furnifhed 
mih an eleftiit handle, or the Wee. 
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E^CPEJELIJMJENT VIII. 

Tie Aurora Borealis. 

T^e i phial t^\j ^ the Ihl^ H^ littf 
tX, a Florence fliafk; fix a fi^^06ck ^ ii 
talve to itii neck, and ^xhauft k cif air ais 
lAtlch a^ it is poflSbk with a good iltr-^mp« 
- If Ais glafe 18 tubbed in the tbiftftloii maiw 
*er -uTed to excite eleStricS, \l ^^ifl appear 
luimncus "^v^ithin, b<eing f\ill of & HalbiiEig;' 
light, v*iiich J>laihly ^cfemblee *th* 4ur<oinir. 
borealis, (* northern light. . Thi« phinl iiMgr 
alfo be made luminous fey rhdlSiiag it by titirar 
end, and bringing 'th6 olbet €&d to the 
prime G6ilfdUQ»r ; in this cafe ^ the* cavity 
of the glafs will ihftaiitly aj^^rir fiflll xrf" 
flaihing light, which p^ttliai&s id it f or a^ir^ik- 
(iderablq time after it has been removed from 
the prime Condiifl;or* 

Inftead of the abosvidrdetcribed glafe veiOfel, 
a glafs tube, exhaufted ^ air and hermetic 
cally fealed, may be ufed, .and perhaps with 
better advantage. The moft remarkable cir- 
eumftance of this experiiae&t isy that if the 
2 phia)» 
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I^hiLl, or tube tifter it has bfeeh retinoid from 
tlte j^Witre Cortdti&or i(and even feveral hour* 
i¥ter its flashing fight hath ceafefd to appeiar), 
be gtafped With thfe 'hand, ftrong flalhts of 
l^ht ^ill imihediatdty appear Within the 
^HAs, Whfch often rtach Jrdth dne df its etid^B 
to the *6ther. 

't^he'taufe^ 'on which this expcriifleht 'dfe- 
ffeiftfe -ate two ; firft the condtiaftig tiattnt 
©f the vacuum, arid fedorid the cha?r*^ingbf 
tihfe 'glafs : for when oiie fide of the glafs 
jfftiial is tondied with the prhne 'Condtfaor, 
the cJcStric fluid, conrtnunicated *to the 'out- 
Wdb^uHkcc of brie iide of the phial, caufeth 
the tetttral fluid belotigfeg to tJie infide 
furface to depart firbm its place, arid go to 
the oppofite fide of the phial ; and this 
fluid, pafling dirdugh the vaiiiium, caufes the 
light within the phial, which light is more 
or lefs fubdiVided, Xd(!ording ^"s the' vacuum 
is lefs or more perfedt. Now, that part of 
the phial, whidh. 'has touched the prime 
Condttdior, is adhlally charged ; 'for its out^ 
iide furfade has acquired an additional quan* 
lity of eleilric iluld, and the infide furface 
lUEs I6ft part of its 6Wn j but as the owfide 

of 
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of tbc phial has no coating, therefore, when 
it is removed from the prime Condiiftor, 
and it is not grafped with the hand, or 
other Conduftor, the charged part of the 
glafs can be difcharged only gradually j that 
is, whilft its outfide furface is communicating 
its fuperfluous . fluid , to the contiguous air, 
the infide furface acquires the electric fluid 
from the other end of the phial, which fluid 
pafling through the vacuum, caufes that flafh- 
ing, which is obferved for fo confiderable a 
time. If the phial is grafped with the hand, 
its difcharge is accelerated, hence the flaflies 
within the phial appear more denfe ant^l co- 
pious, yet it cannot be difcharged all at once 
by this operation, becaufe the hand cannot 
touch every part of the glafs at once* 

Experiment IX. . 
Tihe vjfible eleStric Atmojpbere. 

G I fig. 2. Plate II. reprefents the re- 
ceiver with the plate of an air-pump. In 
the middle of the plate I F, a £hort rod is 
fixed, ha.ving at its top a metal ball B nice- 
ly polifhcd, whofe diameter is nearly two 

inches » 
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inches. From the top of the receiver, ano- 
ther rod A D with a like ball A proceeds, 
and is cemented air-tight in the neck C; 
the diftance of the balls from one another 
being about four inches, or rather more. If, 
when the receiver is exhaufted of air, the 
ball A be eledlrified pofitively, by touching^ 
the top D of the rod A D with the prime 
Gondudtor or an excited glafs tube, a lucid 
atmofphere appears about it, which although 
it confifts of a feeble light, is yet very con- 
fpicuous, and very well defined ; at the 

« 

fame time the ball B has not the Icaft light. 
This atmofphere does not exift all round the 
ball A, but reaches from about the middle 
of it, to a fmall diftance beyond that fide of 
its furface, which is towards the oppofite 
ball B. If the rod with the ball A be elec- 
trified negatively, then a lucid atmofphere, 
like the above defcribed, will appear upon the 
ball B, reaching, from its middle to a fmall 
diftance beyond that fide of it, thkt is to- 
wards the ball A ; at the fame time the ne- 
gatively eleftrifiqd ball A remains- without 
any light. . 
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I 

The Operator in this' experimtiit, muft be 
careful not to eleftrify the ball A too' touch, 
for then the ele£fric 'fluid v^ill pafs iha fpaVk 
from one ball to the other, arid the e3ej[>erl- 
ment will not have tlie ffefifed efFed. Alit- 
tic praftice, however, wiirferider the ojJeratioft 
▼cry eafy and familiar. 

By this elegant experiment, which is tff 
the celebrated F. Beccaria, 'we have an 
ocular deirionftraudn . of the thedfy of a 
'fingle eleftric fluid; we fee that Elec- 
tricity corififts of one uniform, hdihogfeiieous 
fluid, and not two, viz. the vitrtoUs, and 
refinous, as fome have fujppofed ; for if the 
pofitive, and negative "Eredricity M^te two 
diftinft fluids attradtive of one another, there 
Ihould, In the above experiment, al^aiys ap- 
pear two atmofpheres, /. e. one about the 
ball A, and another about the ba^rBj for 
when the ball A is overcharged with cither 
fluid, it 'Ihould Ihew that fufierflu6us ' fluid 
on its furface, and tHs fluid (hbuid ditTi€t 
towards the ball A, an atmofpheife of the 
contrary fluid from the ball ?. But this, 

we obferved befiJre, is not the cafe ; for 

the 



O f E L E C t^ R I C I T Y. %%^ 

tlie appearance of the lucid atmofphere is 
always on one ball, namely, that which is 
overcharged with the eledric fluid ; thus 
when the ball A is eledrified pofitively^ the 
^fuperfluous fluid is vifible on that part of 
it, which is nearefl: to the ball B, becaufe B 
being in a contrary ftate of Eleftricity, en- 
deavours to attraft it ; but, when the ball A 
is eledlrified negatively, it will attradl the 
fluid proper to the ball B, which fluid on that 
account appears upon the furface of B, juft in 
the ad of leaping to the ball A* 

In order to remove an error, that has 
been adopted by feveral writers on Elec- 
tricity, it will be not amifs in this chapter 
to mention, that the eleftric light has all the 
prifmatic colours, as well as the light of the 
fun. This may be eafily experienced by 
viewing an ekiSlric fpark through a glafs 
prifm*» 

♦ See Dr. PrIbstley's fiiftorjr of £lcaricity, part 
VIII, fee. XIII, n. XIL 
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CHAP. VII. 

Experiments with the Leyden PhiaU 

Experiment I. 

Of charging^ and difcharging a Phial in 

' general. 

Take a coated jar, as D £ fig. 2, Plate I, 
and place it upon the table near the prime 
Condudor, fo that the knob of its wire, 
and that only, may be in contact with 
it : fix the quadrant eleftrometer E fig 2, 
upon the prime Conductor, and then turn 
the winch of the machine. You will obferve, 
that as the jar is charging, the index of the 
eledrometer will rife gradually as^far as 
90^, or thereabouts, and then reft: when 
this happens you may conclude, that the jar 
has received its full charge. If now you 
take a difcharging rod, and holding it by 
the glafs handle, apply firft one of its knobs 
to the outfide coating of the jar, and then 
bring the other knob near the knob of the 
wire, of* the jar, or near the prime Con- 
4 dudlor, 
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du6kor, that communicates with it, you will 
hear a report, and fee very vivid fparks be- 
tween the difch'arging rod, and the cdndudt- 
ing fubftances, communicating with the fides 
of the jar. This operation difcharges the 
jar. If, inftead of ufing the difcharging 
rod, you touch the outfide of the jar with 
one hand, and bring the other hand near 
the wire of the jar, the fame fpark and re- 
port will follow, but now you will feel a 
fhock, which afFeds your wrifts,: elbows, 
and, if ftrong, your breaft alfo*. If a 
number . of perfons join hands, and the firft 
of them touches the outfide of ; the jar, and 
the laft touches the wire communicating 
with the infide, they will all feel the fhock, 
and precifely at the fame perceivable time. 
This ftiock. bearing no refemblance to any 
fenfation otherwife felt, cannot confequently 
be defcribedj and in order that a perfon may 
form a juft idea of it, he muft abfoli^tely 
feel it. 



* A fiiock may be given to any Angle part of the 
body, if that part only be brought into the circMit. 
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The reafdn of the x:hatrgiDg of the phiaU 
or jar . in thh experiment^ is^; that ndien a 
fypG^ViOUi quantity of ele6^riG fhiid is forced 
upon the inflde furface of the glafs^ it 
canieth aa equal quantity of fluids naturallj 
inherent in the glafsy to depart from the 
oppolite ftirface, in aonfequence of the re«» 
pulfion natural to the particles of thedec-* 
trie flui(ir which i^puUioh is exerted even 
through the glafs i one fide therefore of the 
glafs remains overdbargedy and the other 
ubderchai^ged } as foon therefore as the com-*^ 
^uaication between the two fides of the 
jar is compl^eated^ the fiiperfluous ikiid oq. 
one fide of the g1a& fHes violently to the 
other fide^ and the rapidity o£ its motion 60 
calbns the fpark^ the report^ &c« 

If tte coated jar be hdd by the wire 
«0mmunica<ing with its infide^ and the out^ 
fide coating be prefented to the prime Coa-- 
du6l:or, it will be charged as readily as in 
the other method^ but with this differencct 
that in thl^ cafe the outfide will be |k>(itive, 
and the infide negative. 
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We have fuppofed ajjovct that the prime 
CJondudor was ele(3:rified pofitively ; but if 
the experiment be. rejH^ateiJ-, whci\ tlp^e Cqji- 
duftor, by being connected with the rubber 
of the machjjie^ is. eleiS^rified negajtiyelj, the 
jpif; woujkl in the fame m^anner be charged^ 
q^cept that iq^ this cafe th^ fide tha^ touches 
the prime Condudory would be; el^drified 
^egativ^j, aftd the. opppfite fide# pojfir 
twely. 

EXPERIMEI^T 11^. 

■ •• ■ . — 

To, Jkew, tjbat an infulat^d Jar: (;ana,^t ie, 

^ a 9Qa^d ja^ uppn an ele^ic flop]; 
connect its wire^ or its Quti^de coating with 
the prime Condu&orj,: ^luLtuin the winph of 
the machine. You will then obferyci that 
t^ ii^dejj^ of t)afi quadrant elieflrocpeter, placed 
upqn tl)i^ pr^^ Qondudor^ ^p. ^ifes to 90^, 
ij^^ii^gly iit^Ydfig tliat t^^ jfir is chargecL 
Th^ ^PV^9^P, the electric &!Og>i with the jar 
i^oia th|^ prime Condudor> and either with 
9 idifcl^rgi^g rod) or with your hands, en- 

0^4 deavour 
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deavour to difcharge the jar, and you will 
find, that it is not charged} for no fpark, 
no fhock, tior any other phenomenon of 
charged glafs, will appear.' 

■ 

The reafon why in this experiment the 
infide of the jar could acquire no additional 
electric fluid, and therefore the jar could ac- 
quire no charge, is becaufe the outfide could 
not at the fame time part with its own fluids 
its communication with the earth being cut 
off by the eledtric ftool. But repeat this 
experiment with only this variation, that, 
by means of a chain or otherwife, the out- 
fide of the jar be made to communicate 
with the table, add you will then find, that 
the jar will be charged ; for in this cafe the 
fluid, naturally inherent in the outer furface of 
the jar, can readily be repelled through the 

chain, &c. into the table. 

. . ■ "t 

If ajar be infulated, and one fide ?rf it, 
inflead of being cbnneded with the earth, 
be connefted with * the infulated rubber, 
whilft the other fide conimunicates with the 
prime Conduftor, the jar will be alfo charged, 
and perhaps in • a' more expeditious manner; 

for 
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for whilft the rubber exhaufts one fide, the 
other fide is fiipplied by the prime Q)n- 
dudtoh In this manner it is fliown, that the 
jar is charged with its own fluid, /. e. the 
natural eledlric fluid of one of its fides, is, by 
the adtion of the machine, thrown, on the 
other fide/ 



' I * -^ 



Experiment III. 

,• r • 

- •' • 

■•■'-■■*■ , • 

.. 3*1)6 preceding Epcperiment diverfified. , . ; 

To make the above experiment in a clearer^ 
and more fatisfa£tory manner, place the jar 
upon the ftool as before, and With its wire, 
nt)t in xontad, but at about half an inch 
difiance from the prime Conduftor, hold the 
knob of another wire at fuch a diftance from 
the butiide toating of the jar, as the knoH 
of the jar is from the prime Condiidlori 
then let'the winch of the machine be turned/ 
and you will obferve, that whenever * a fpark 
K. comes from the prime Condudor to the 
^ wire of the jar, another fpark paiTes from the 
dutfide coating iof the jar to the knob of the 
wire pr'efenled towards it; which (hews, that 
as a quantity of eledric fluid is entering the 
infide of the jar, an equal quantity of it is 

leaving 
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Igaying the; outfide» In. this mannpr t;!^ jai; 
beicpmes chiMrge4> 

If inftead. of thi^ kapbecji wire, a ppifite^ 
<Hi^ he prereate4 to the oi^iide of the jj^r, i^ 
wiU appear iilMixumted: with a fbM(; aiids^ 
inflead of prefenting any wire to ^hjs jqs, % 
pointed wire be conneded with its coating, 
it will appear illunuQated with a brufh of 
rays (/. e. by throwing the eledric fluid into 
the air), which will hift as long as tho jar is 
charging. 

• • • 

If the knohpf ajiother jar be p^eient^ t<> 
^be outfide coating of the iqfulated j^^r i^ (hje 
above experiment, it will aUb be chai^gjpd j^ i^ 
^ fluid, going out of the outlide coating of 
$be firft jar, /• e. that ftandiag uppq th^ip;Q(>lj^ 
wiUgo in the infide of the other jar^i aQ4 
cftufe the ^uid, inherent to the outfide 9^^^% 
jiur, to depict from its pla(Ce ^* , 

^ It is ^y to underiland f^ofn this qcperHqe^t^. l^li; 
(by^al pbiaj^ may bq cpnne^Eted tpget^^ iiai that tbey 
may be charged aU at otice^ with neirly the fame trouble 
as one is charged* It muft, however, be obfcnrtd, that 
when feveral jan am fo copneded, tkit the infide of one 

com^ 
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Experiment IV^, 

Tojbom that the Charge (fa.Jar^ or Glafs 
tM general Joes not. reJJe in tbe. coating. 

Take a naked phials and iot a coating oo» 
the oatfide ftick a piece of tin-fi^il: with a 
little tallow, or bees*wax, £q that it can }u& 
^dbera to the glafs< ; and for an injdde coating 
uie fnull leaden (hot, or quickfidver; laftiy^ 
infert through its neck a knobed wire com^ 
municating with the (hot, or quicklilven— 
Thia done hold the phial thu$ coated hj its 
outiide coating, and charge it, by preienting 
its knobed wire to the pnme CondudiOF* 
When it is charged turn it upTide down, and 
let ita wire, and quickiilvery or fhot fall in 
a gla& receiver; then remove its outfide 
coating aUb. In this, operation the phial doe^ 
not lofe its charge, and if you examine' the 
quickfilver or ihot, you will find that it 
contains no more Elefkricity, than any other 
like conducting infulated body, which haa 

- ■ ... • J 

communicates whb flie outiUke of another, &c.' they can* 
not be charged fo high, nor fo eafily, as othervife; the 
difficulty incieafiiig nearly in {xrcqpQrtion to the number of 

» been 
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been in conta6t with the prime G)nduAor9 
would contain. Replace the outfide coating 
again upon the phial, pour the fhot or 
quickfilver again into it, or any other con- 
ducing fub'ftance^ then touch with one hand 
the outfide coating, and with the other, by 
introducing a finger or a wire, touch the 
infidc non-ele£tric, and you will feel a fhock, 
which will convince you, that the glafs . has 
loft very little of its charge by the operation 
above mentioned. 

The fame experiment may be more con- 
veniently made by laying a pane of glafs 
upon a metal plate, and covering an equal 
part of the upper furface with tin-foiU 
having a filk thread fattened to one of its 
fides, by which it may be eafily taken oflF, 
when the glafs is charged, and astafily re- 
placed, when required. 
) ■■ ■ . . 

EXPEMMENT V. 



J : * 



To prove that the eieSiric Fluid does not expel 
■^ the Air contained in a Phial. 

Through a hole inade in the cork that 
ftops a coated phiaU intrbduce a fmall glafs 

tube 
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ttibe open at both ends, and of- about one 
thirtieth part of an inch in diameter ; bend 
that part of the tube, that is out of the phial 
in an horizontal fituation, and with bees-wax 
jFaften the cork fo, that no air can get in or out 
of the phial, except it pafles through the glafs 
tube; laftly, put a fmall drop of red wine, 
or ink, in the horizontal part of the tube, 
fa that it may be eafily moved through it by 
the Icaft rarefadion, or condenfation of the air 
-within the phial. If this phial thus furniflied 
be charged, by connedling the prime Con- 
dud:or with its wire, the drop of liquor in 
the glafs tube will not be ftirred from its fitu* 
ation, which ihows that the ele(3:ric fluid, 
immitted into the phial, does not exclude 
any of the air, that the phial contains. If 
the phial be difcharged, the drop of liquor 
in the tube will be often puflied a little out 
of its place, and afterwards return to its 
former fituation, which fhows, that on mak- 
ing the difcharge, the air within the phial 
was a little difplaced, or rarefied. This how- 
ever is to be imputed to fome fpark, that 
generally happens within the cavity of the 
phial, on account that the wire is not 

• . / ■ in 
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•in perfbd contact with the infide <0aS« 

ling*. 

Experiment VL 

'T'Ae courfeoftbe ekSiric Fluid in the Htfchajcfgt 
rendered vijible by the Star^ and Pencil. 

Whena jar U charged^take a difchargmgrod 
having its ends pointed, /V^« the di£chaigiiig 
rod reprefented in fig. lo. Plate I, without 
its knobs, and keep it as reprefented, fig. i u 
that is, in fuch a iituation, that one of .its 
.points C may be at about one inch diftance 
from the knob A, and the other point £» at 
an equal diftance from the Outfide coating of 
the jar ; by thefe means the jar will be dis- 
charged filently, and if its infide be eIe^i-> 
fied pofitively, you will fee, that the; point C 
of the difcharging . rod, isr illuminated with a 
liar, and the point B withra pencil j becauii^ 



^ Having repeated this experiment with a tmiXi ^bial, 
*irhofe charging piece (as we may call it) was a prodnc^ 
tion of the infide coating, which was of one piece of tin- 
foil, fiuck to the glais with bees-wax, in confequence oC 
which no fpark could happen within the phial, I found 
that the drop of liquor in the glafs tube, was not fliried 
-4Uitx in charging, or difchargiog4he phial* 
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th^bis xafe, tlie electric fluid, gcnng trbm 'the 
it^ide tO' the outfide cff Hhe jar, enters flic 
j^fat'G, -and iflbes from the poirit B. BUf it 
the jfiT -fe eFeftrified negatively oh the irifidey 
aiid'iidiafeqtiently pofiti ve on the outfide, thea 
fht ]^eil df rays will appear upon the -poitft 
<^, 'aMd'the ftar upon the pbint B ; for in this 
fetfe'the^Hearic fluid piSes *frdth the outfide 
ito^djfe itifideof -the jan 

N« B. This experiment, as well as any 
"6ftier, in which the deftric light is' tb' be bb- 
T€Tted> requires to be made in the dark. 

ExPERrMENt VlL 

^Ae Courfe of the eleSiric Fluid in the Dif- 
charge Jhown by the Flame of a Wax- taper. 

'. rRemovc the circular piece of wood E from 

•the nniverfal difcharger, reprefented fig. 5. 

'jftatei. Fix the wires DB, DC, fo that 
their knobs DD may be about two inches 
diflance of one another ; and upon the focket 
Ffix*^- piece of w^x taper lighted, fo that its 

Aflame' ihay be juft In ' the^ 'middle between the 

knobs DD. Having difpofed the apparatus 

in this manner^ if you ^con^efl, by means of 

2 a chain 
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a chain or otherwife, the outfide of a charged 
jar with one of the wires C, and bring the 
knob of the jar to the other wire C, you will 
obferve, that on making the difcharge, which 
muft pafs between the knobs D D, the flame 
of the wax taper is always driven in the 
diredion of the electric fluid, that is, it will 
be blown upon the knob of that wire, which 
commynicates with that fide of the jar, which 
is negatively eledrified. 

In this experiment the jar mud: have an 
exceeding fmall charge, jufl fufficient to pafs 
through the interval in the circuit; which 
experience will prefently determine : other- 
wife the experiment will not fucceed, or be 
perhaps rendered equivocal *. 

* If it be aflced, why this experiment does not fucceed 
with a great explofion as well as with a very fmall one, 
the anfwer is, that when a jar highly charged, is brought 
near one of the wires of the univerfal difcharger, it creates 
an atmofphere about the knob of the faid wire, which at- 
mofphere difturbs the flame, of the wax taper, before the 
actual difcharge ; befides the eledric fluid in a great ex- 
plofion, by its elaftic nature, pafles through the flame of 
the wax taper too fwiftly, for to communicate to it any 
vifible motion ; in the fame manner as a bullet, difcharg^ 
by a piftol againft an open door, makes a hole through 
the door, without ihutting it. 

Ex- 
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Experiment VIII. 

^he Courfe of the electric Fluid in the Difcharge^ 
rendered confpicuous by the Motion communi-^ 
cated to a pith ball. 

Bend a card length-ways, over a round 
ruler, fo as to form a channel, or femicircular 
groove^ii Lay this card upon the circular board 
E of the univerfal difcharger reprefenled fig. 
5, of Plate I. and in the middle of it put a pith 
ball of about half an inch diameter ; then at 
equal diftances, about half or three quarters 
of an inch from the cork ball, lay the two 
brafs knobs D D. The card being perfedly 
dry, and rather hot, if you connedt, by 
means of a chain or otherwife, the outfide 
of a charged jar, with one of the wires C, 
and bring the knob of the jar to the other 
wire C, you will obferve, that on making 
the difcharge, which muft pafs between the 
knobs DD, and over the card, &c, the pith 

* Inftead of the card, a piece of baked wood may be 
cut ifi that (hape, and painted over with lamp-bhcJc and 
oil ; which will anfwer better than the card, it being much 
more fteady, and not fo liable to attract oioifture. 

R ball 
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ball is always driven in the dire£liori of the 
eledlric fluid, /. e. it is puflied towards that 
knob, which communicates with the negative 
fide of the jar. 

It muft be obferved that in this experi- 
ment the charge of the jar muft be juft fuf- 
ficient to pafs through the interval in the 
circuit; the catxl, or piece of baked woody 
muft be very dry and clean ; and in ihort 
the difpofition of the apparatus, and the per- 
formance of this curious experiment, require 
a degree of nicety^ that can only be obtained 
by pra^ice. Without great precaution, it 
fometimes fails ; but when the Operator has 
once got it to fucced, and follows exa£tiy the 
feme metjhod of oper^ition, he may be fure, 
that the event of the experiment will be 
conftantly s^s aboye defcribed. 

Experiment IX. 

The Leyden Vacuum. 

Fig, 8 and 9, of Plate I. reprefent a fmall 
phial coated on the outiide about three inches 
puthe fides with tin-foil ; at the top of the 
neck of this phial, a brafs cap is cemented^ 

having 
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having a hole with a valve, and from th€ 
cap a wire proceeds a few inches within the 
phial, termiiiatirig in a blunt point. When 
this phial is exhaufted of air, a brafs ball is 
fcrewed upon the brafs cap, which is 
cemented into its neck, fo as to defend the 
Talve, and prevent any air ftom getting into 
the exhaufted glafs ^^ This phial ejchibita 
clearly the direction of the eleftric fluid, 
both iti charging and difcharging j for if it 
be held by its bottom, and its brafs knob 
he prcfented to the prime Gondudor pofi- 
tively electrified i yoii 1;vill fee that the ele(3:ric 
fluid caufeth the pencil of raiys to proceed 
from the wipd within the phial^ as reprSfented 
fig. 9. iind if it is difcharged, a ftar will ap^ 
pear in the place of the pencil, as repreCented 
in fig* 8« But if the phial is held by the braft 
cap, and its bottom be touched with the primed 
CondudOr, then th^ point df the wire ou its 
infide, will appeaf illuminated with a ftar, 
when charging! and with a pencil^ wheti 
difcharging^ ' U* it be prefentiid to a JprimC 

* The ihfide of this phial requires no coatitig, becaufe- 
&s the cleAric fluid pervades vacuum, it can pafs freely 
firom the wire to the furfiice of the exhaufted glaft^ with- 
out the help of a. QOB-deAric coaitin|[^ 

R z Con^ 
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Condudlor eleftrified negatively, all thefe 
appearances, both in charging, and diC- 
charging, will be reverfed. 

This experiment of the Leyden vacuum, 
together with the two preceding ones, 
namely the feventh and eighth of this chap- 
ter, are inventions of Mr. Henly, and they 
exhibit an ocular demonftration of the hypo- 
thefis of a fingle electric fluid. 

Experiment X. 

^0 pierce a Card^ and other Subftances nvitb 

the eleSlric Explofion. 

Take a card, a quire of paper, or the 
cover of a book, and keep it clofe to the 
outfide coating of a charged jar ; put one 
knob of the difcharging rod upon the card, 
quire of paper, &c. fo that between the 
knob, and coating of the jar, the thicknefs 
of that card, or quire of paper, only is in- 
terpofed ; laftly by bringing the other knob " 
of the difcharging rod near the knob of the 
jar, make the difcharge, and the ele£tric 
matter, ruihing through the circuit from the 

pofi- 
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pofitive, to the negative furface of the jar, 
will pierce a hole (or perhaps feveral) quite 
through the card, or quire of paper *. This 
hole has a bur raifed on each fide, except 
the card, &c. be preffed hard between the 
4ifcharging rod and the jar ; which ihows 
that the hole is not made in the dire<flion of 
the paflage of the fluid, but in every 
dire£kion from the center of the refitting 
body. 

If this experiment be made with two 
cards, inftead of one, which however muft 
be kept very little diftant from one ano- 
ther -fy each of the cards, after the explofion, 
will, be found pierped with one or more holes, 
and each hole will have burs on both furfaces 
of each card. 

» 

* The hole, or holes, are larger or fmaller, accord-. 

ing as the card, &c. is more damp, or more dry. It is 

remarkable that if the noftrils are prefented to it, they 

will be afFefled with a fulphureous, or rather a phofpho- 

real fmell, juft like that produced by an excited Elec- 
tric. 

+ This may beeafily cfFefted by bending a little one'of 
the cards. 

R3 If 
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If inftead of paper, a very thin plate of 
glafs, rofiD) fealitig-^wa};, or the like, be in^ 
tcrpofed between the knob of the difcharging 
jrod, and the outfide coating of ihe jar, oa 
making the difcharge, this will be broken 
in fcveral pieces. 

Small infeds may- alfo be killed in this 
manner ; they may be held between the out-?- 
fide coating of the jar, and the knob of the 
difcharging rod, like the above card ; and 3. 
fhock of a common phial fent through them^ 
wilt inftantly deprive them of |ife, if they 
are pretty fmall ; but if larger, they will he 
afFefted in fuch a manner, as to appear 
quite dead on firft receiving the Aroke, but 
will, after fome time, recover : this, however, 
depends on the quantity of the charge fenf 
through them. 



EXPE- 
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Experiment 5tl. 

To fljcw the EffeSi (f the Shock feM over tht 
' Surface of a Cafd or other Subfiances, 

Put the extremities of two wir^s upon the 
furfacc of a card, or other body of an elec- 
tric nature, fo. that they may be in one di- 
rcdtion, and about one inch dtftande from 
one another ; then, by connedting one of the 
wires with the outfide of a charged jar, 
and the other wire with the knob of the jar, 
« the fhock will be made to pafft^ over the card 
or other body. 

If the card be made very dry^ the lucid 
track between the wires will be vifible apdA 
the card for a confiderable time after the 
explofion. If a piece of common writing 
paper be ufed inftead of the card, it will 
be torn by the explofion into very fmaU 
bits. 

If inftead of the card, the explofion is 
fent over the furfacc of a piece rf glafs, 

- R 4 this 
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this will be marked with an indelible track, 
which generally reaches from the extremity 
of one of the wires to the extremity of the 
other. In this manner the piece of glafs is 
very feldom broken by the explofion. But 
Mr. Henly has difcovered a very remark- 
able method to increafe the efFe£t of the ex- 
plofion upon the glafs ; which is by prefling 
with weights that part of the glafs, which 
lies between the two wires, (/• e. that part, 
over which the fhock is to pafs). He puts 
firft a thick piece of ivory upon the glafs, 
and places upon that ivory a weight at plea- 
fure, from one quarter of an ounce, to fix 
pounds : The glafs in this manner is gene- 
rally broken by the explofion into innumera- 
ble fragments, and fome of it is abfolutely 
reduced into an inpalpable powder. If the 
glafs is very thick and refills the force of 
the explofion, fo as not to be broken by it, 
it will be found marked with the moft lively 
prifmatic colours, which are occafioned by 
very thin laminse of the glafs, in part fepa- 
rated from it by the fhock. The weight laid 
upon the glafs is always fhook by the ex- 
plofion, and fometimes it is thrown quite 

off 



OF ELECTRICITY. 2iq 

oflF from the ivory *. This experiment may 
be moft conveniently made with the univerfal 
difcharger. Fig. 5. of Plate I. 

Experiment XII. 

To Jhew the DireSlion of the eleStric Fluid in 
the Difcharg'f by caujing the &hock to go 
over the Surface of a Card. 

Difpofe the apparatus in the manner de- 
fcribed in the preceding experiment, but 
with this ditfcrence, that inftead of laying 
the extremities of both wires upon the 
fame fide of the card, one of them be 
placed under the card ; then fend a fhock 
through the faid wires, as in the preceding 
experiment, and you will obferve, that the 
electric fluid will run over that furface of 
the card, upon which lies the extremity of 
that wire, which is connected with the po- 
fitive fide of the jar j and in order to pafs 

* If fmall reprefentations of houfes, &c. be hid upon 
a boarJ, place I on th^ piece of ivory ; that, being (hook 
by the explofion, will give a very natural idea of an 
earthquake 



to 
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to the extremity of the other wire, it will 
break a hole through the card juft orer the 
extremity of that wire, which is connedied 
with the negative fide of ^thcjar. 

This excellent experiment, which fhows 
the diredion of the ele6lric fluid in the 
difcharge of a jar, is a difcovery of Mr. Lujl- 
LiNof Geneva. 

N. B. With very Urge jars, this experi- 
ment has been obferved to pierce ieveral holes, 
and in fuch manner as to render the experi^ 
ipent not fatisfadory^ 

Experiment XIII. 

To /well the Ciay^ and break fin all Tubes with 

the eleBric Explojion. 

Roll up a piece of foft tobacco-pipe clay 
in a fmall cylinder C D fig. 4. Plate II. and 
infert in it two wires A, B, fo that their 
ends within the clay may be about a fifth 
part of an inch from one another. If a 
fhock be Xent through this clay, by ,con- 

nefting 
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pefting one of the wires A, or B with the 
put fide of a charged jar, and the other with 
the infide, it will be inflated by the fhock, 
i. e. by the fpark, that paiTes between the 
two wires, and after the explofibn will ap- 
pear as reprefented fig. 5, If the fliock 
fent through it is too ftrong, and the 
clay not very moift, it will be broken by the 
jCxplofion, and its fragment fcattered in every 
.direftion. 

To make this experiment with a little va- 
riation, take a piece of the tube of a tobac*- 
co-pipe, about One inch long, and fill its 
bore with moift clay^ then infert in it two 
wires, as in the above rolled clay, and fend 
a fliock through it. This tube will not fsul 
jto bujrft by the force of the explofion, and 
^ts fragments will be fcattered about to a great 
(diAance. 

If inftead of clay, the above-mentioned 
tube of the tobacco-pipe, or a glafs tube, 
(which will anfwcr as well) be filled with 
any other fubftance either eledtric, or non- 
eledric inferior to metal, on making the difo 

charge. 
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charge, it will be broken in pieces with nearly 
the fame force, • 

This experiment is the invention of Mn 
Lane, F. R, S. 

Experiment XIV, 

Tojhow the Courfe of the eleBrie Fluid by the 

fpontaneous Difcharge. 

Take a coated phial of a fmall fize, and 
if the naked part of it, /. e. from its out- 
fide coating to the cork, is very dry, breathe 
upon it once or twice, fo as to render It 
{lightly damp ; then holding the phial by 
its outfide coating, prefent its knob to the 
prime Conduftor, while the machine is in 
a6lion, and you will fee, that after the phial 
has received a fmall charge, a beautiful 
brufh of rays will proceed from the cork, 
which, after going a little way into the air, 
turns its courfe towards the outfide coating 
of the phial. If the phial, inftead of the 
prime Conductor, be prefented to the infu- 
lated rubber, then the brufh, inftead of pro- 
ceeding from the cork, will ilTue from the 

outfide 
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Outfide coating, and dire6l its courfe towards 
the cork or wire of the phial ; fliowing be- 
yond a doubt the truth of the hypothefis of 
a fingle eledlric fluid. 

This expetiment, which is of Mr. Hen- 
Ly, requires a nicety of operation, without 
which it will not fucceed as above defcribed. 
The quantity of moifture upon the phial, 
and the quantity of Eleftricity communi- 
cated by the machine, muft be of a de- 
gree, which nothing but pradice can deter- 
mine. 

ExtfiRIMENT XV. 

7i make the eleSfric Spark vifibk in Water. 

Fill a glafs tube of about half an inch 
diameter, and fix inches long, with water, 
and to each extremity of the tube adapt a 
cork, which may confine the water ; through 
each cork infert a blunt wire, fo that the 
extremities of the wires within the tube 
may be very near one another ; laftly con- 
nect one of thefe wires with the coating 
of a fmall charged phial, and touch the 

other 
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other wire with the knob of it ; by whicfa 
means the (hock will pafs through the wiresj 
and caufe a vivid fpark to appear betweea 
their extremities within the tube. In per-.* 
forming this experiment care muft be taken, 
that the charge be exceedingly weak, other- 
wife the tube will burft. 

C fig* 14. Plate II. reprefents a common 
drinking glafs almoft full of water., A B 
are two knobed wires fo bent, that their 
knobs may be within a little diftanc^ of one 
another in the water. If one of thefc wire* 
be connefted with the outfide coating of a 
pretty large jar, and the other wire be touch- 
ed with the knob of it; the explofion which 
muft pafs through the water from the knob 
of one of the wires to that of the other^ 
will difperfe the water, and break the glafs 
with a furprifing violence. This experi-* 
jnent is very dangerous if not conducted with 
great caution* 



ExpE- 
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Experiment XVI. 

51? prove that the eleSlric Spark difplaces^ 

and rarifies the Air. 

Fig. 3. Plate II. repreferits an inftrument, 
which the inventor, Mr. Kinnersley, calls 
the eleSirical Air thermometer^ it being very 
ufeful to obferve the cfFefts of the cleftric 
explofion upon air. The body of this ther- 
mometer confifts of a glafs tube A B, about 
ten inches long, and nearly two inches dia- 
meter ; and clofcd air-tight at both ends by 
two brafs caps. Through a hole in the up- 
per cap, a fmall tube H A, open at both 

« 

ends^ is introduced in fome water at the 
bottom B of the large tube. Through the 
middle of each of the brafs caps, a wirt 
F G, E I is introduced, having a brafs knob 
within the glafs tube, and by Aiding through 
the caps, they may be fet at any diftance 
from one another. This inftrument is, by a 
brafs ring C, fattened to the pillar of the 
wooden ftand C D, that fupports it. When 
the air within the tube A B is rarefied, it 
will prefs upon the water at the bottom of 
1 the 
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the tube, which will confequently rife in the 
cavity of the fmall tube ; and as this water 
rifes higher or lower, fo it fliows the greater 
or lefs rarefaftion of the air within the tube 
A B, which has no communication with the 
external ain 

If the water, when this inftt-ument is to 
be ufed, is all at the bottom of the large 
tube, /. e. none of it is in the cavity of 
the fmall tube ; it will be proper to blow 
with the mouth into the fmall tube» and 
thus caufe the water to raife a little in it, 
where, for better regulation, a mark may be 
fixed. 

Bring the knobs G I of the wires I E, 
F G into contadl with one another, then 
connect the ring E, or F with one fide of 
a charged jar, and the other ring with the 
other fide, by which operation a fhock will 
be made to pafs through the wires F G, 
I E, /. e. between the knobs E I. * In 
this cafe you will obferve, that the water 
in the fmall tube, is not at all moved from 
the mark ; which fliows, that the paffage 
of the eledric fluid through Conduftors fuf- 
3 ficiently 
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ficiently large, occafionsnb rarefa<9:ion> aor 
difplaces the air about them^ 

Put the knobs G, I a little diftant from 
one another, and fend a fhock through them 
as before, and you will fee that the fpatk 
between the two knobs, not only" difplaces, 
but rarefies confiderably the air ; for the 
Water will be fuddenly pulhed almoft at the 
top of the fmall tube, and immediately it 
will fubfidc a little, as for inftanceasfar as 
H, which is occafioned by the fuddcn dif- 
placing and replacing of the air about the 
place, where the fpark appeared within the 
tube A B, After that the water has fubfided 
fuddenly from the firft rifing, it will then 
gradually, and flowly come down to the 
mark, at which it flood before the explo- 
fion ; which is the efFe£t of the air that was 
rarefied, and which gradually returns to its 
former temperature. 

If this experiment be made in a room, 
where the degree of heat is variable, then 
proper allowance muft be made for this cir- 
cumftance, in ellimating the event of the 
experiment j for the eledrical air thermo- 

S meter 
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I 

. meter is affeftcd by heat, or cold in general, 
as well as by that caufed by an ele£b:ie 
fpark. 

Experiment XVIL 
To jire Gun-rpowder. 

Make a fmall cartridge of paper^ and 
fill it with gun-powder, or elfe £ll the 
tube of a quill with it ; infert two wires^ 
one at each extremity, fo that ^eif ends 
within the quill, or cartridge^ may be about 
one fifth of an inch from one another ; 
this done, fend the charge of a phial through 
the wires, and the fpark between their ex- 
tremities, that are within the cartridge, or 
quill, will fet fire to the gun-powder. If 
the gun^powder be mixed with fteel filings it 
will take fire more readily, and witi^ a Ter; 
fmall fhock. 



EXPE-^ 



f • 
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ExpfeRiMifNt xvm. 

7o jiriki Metals into Glafs. 

Take two flips or tdmmon window-glafs 
about three inches lotig, and half an inch 
wide } put a fmall flip of gold, filver, or 
brafs leafi between them, arid tie thetn to- 
gether^ tJr elfe prcfs them together between 
the boardk df the prefs H, belonging to the 
univerfai difchirgcr fig, 5, Plate I, leaving 
a little of the metallic leaf out betw^eri the 
glaflfea at fcach end ; then fetid a iJiock 
through this metallic ieaf»^ and the ibrce 
of the explofioii Will drive part df the metal 
into fo clofe a contact with the glafs, that 
it cannot be wiped dflFj or 6vtr\ be affedt-- 
ed by the cdmitioii menftrua, which otheiSi 
If^rife 1/^ould diflblve it ; ; 

In this experiment tlie glatfes afe dftea 
fliattered to pieces, but whether thejr are 
broken or not, the indelible mctallid tinge 
Will always be found in fevetal places^ and 
ibmetimes through the whole length of bpth 

S 2 Ex?B- 
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EXPERIMEN^T XIX. 

1*0 Jiain the Paper ^ or Glafs. 

Lay a chain, which forms a part of the 
circuit betweeri the two fides of a charged 
jar, upon a (heet of w-hite paper, ^ and if 
a Ihdck be fent through it, the paper will be 
found ftained with a blackifli tinge at every 
jundtire of the links. If the charge be 
v6ry large, the paper, inftead of being 
ftarned with fpots, is burnt through. If the 
chain be laid upon a jpane of glaft, inftead 
of paper, the glafs will often be found 
ftained with fpots' in feveral places^ but (as 
might be expected) not fo deep as the 
paper. 

If this experiment be made in the dark, 
a fpark will be feen at every jundture of the 
Hnks; and if the links are fmall, and the 

fliock pretty ftrong, the chain will appear 

• ♦ - • 

illuminated Ijke a line of fire; which (hows 
that the elcdrical .fluid m^ets with fome re- 
fiftahce in palling from one Hnk of the chain 

to another. • .. 

- . . ^_ '. . ■ 

EXPE- 
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Experiment XX. 



T^he lateral ExplffioH. 



• '\ '« • f 



If a jar be difcharged with a difcharging 
rod,' that has no ele£tric handle, th^ h^d 
that holds it, in making the difcharge, feds 
fome kind of fhock, efpecially when .the 
charge is confiderable. — tn other ;WordS^ 
A perfon or any conducting fubftance, that 
is connedled with one fide of a jar^vv^ut 
forms no part of the circuit, f wijl r'feQj.'a 
kind of fhock, i.e. fome efFe^; of;,tli5P^^#fe 
jjhatge. This . may be rendered vi.fibl^£»i 
tlic. following • manner. . Coi3Lne<3: vWkHt the 
joiitfide of a charged jar a piec^ of> qhiifttj 
then difcharge 'the jar*;thf()Ugh anoffeer.Xiifir 
-cuit^j as foCi inftaoce^ wit^ a difcharging rod 
in^ the^-tommoq way, aja^iithe ci^aiii \}$^ 
communicaJteB : with the outfide f of th6 jar^ 
and which .makes no. part;Qf: thfe tirciiki 
^ill appear lucid in thie dark» /^ . a , fp^urlf 5 
will appear: h'cSwteea th^ Uoksrji^yhicb.ihpws 
that the ele6h-ic:. fluid, . iiatural to that chpifi^ 
paufl: by fome;:ine^ns have -been difturbed; 
n^\xi% fhain will.alfo appear luminous, if i{ 

S3 is 
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is not in conta^ with the putfide of th^ 
jar, but only very .near it } and on making 
the difcharge, a fpark will be feen between 
the jar, and the €ftd of the chain near it. 
Thi^ eleiQjical appearance out of the cir- 
cuit of a difcharging jar, is that, which 
'we call the {ateral Bxfl?/io?f^ 2it\i to m^ke 
it appear in the moil corifpicuous manner 
obferve the following method, which 15 pf 
Dr. Priestley. 

When a jar is charged and ftand^ upon 
the table a; ufual, infulate a thick metallic 
TOd, ijnd place it fo that one of it3 end$ 
fnay be; contiguous to the outfide coating 
of the jar 5 and within about half an fncH 
pf its other end, place a body of about fix 
pi- feveh feet in length; and a few jnchci 
in ' breadth ; then put % chain iippn the ta^ 
ble, fo that one of it§ ends' may be about 
one inch apd 2l half diftant fropi the coatr 
fhg of the jar J at the other end- pf the 
chain apply one knob of the difcharging 
rod, and bring tlie other knob to the wire 
of the jar in order tp make the explofion. 
On making the difcharge in thi$ manner, 
a ftrong fpark will be feen between the 
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tnfuiated rod, whicli communicates with the 
coating of the jar, and the body near its 
extremity, which fpark does «iot alter the 
ftafe of'that body in refpedt to Eledricity.; 
hence k is imagined that this lateral fpark 
flies froni the coating of the jzlr, and returm 
to it at the fame inftant, allowing ho per- 
ceptible fpace of time, in which an ele^ro- 
meter can be afFefted. Whether this lateral 
explofion is received on flat and fmooth fur- 
faces, or upon fharp points, the fpark is al- 
ways equally long and vivid^ 

1*he caufe of this phenomienon feems to 
be the interruption in the circuit/ *iade by 
introducing bad Conductors into it ; fot, as 
this interruptioii is greater or lefs, fo the 
Jat^ral explofion i$ iftor^ Or UU cootiderable, • 
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V e H A P. VIII. 



» • • 



Experiments with other charged^'&ledirics. 

' l"^ H: A T - the experiments- mswle wijh 
, X^ other cliar^^ eledrics, are. fi^^kr to 
thofe ma^^ .^ith charged glafs, is very evi- 
dent 2 fince it ha^ been obferved abpveliti thg 
Firft Part, and.alfo^n thp experiments alrea47 
defer ibed, that the property of being charged, 
of exploding, &Cw::i$'BOt inherent in glafs, a^^ 
glafs, but, as beiilg impervious to the AtQxiz 
fluid ; and in confequence, it muft be com- 

• 

mon, t® 'all fuch fubifeincefg; which like glafs, 
are impervious to that fluid : therefore, under 
l;he title <^f ejcperimeirts vfith other elec- 
trics, I mean to d^fcribe experiments, Bot of 
^ different nature from the above mentioned, 
but only the manner of coating, and ufing, 
other eledrics, which are not fo manageable 
as glafs ; but at the fame time, have fome 
peculiar advantages. Thefe methods I fliaU 
reduce to three, /. e. firft, that of making the 
noble experiment of charging a plate of air; 
fecondly, the method of coating refinous 
fubftances ; and lafl:ly, a method of trying 

other eledlrics, that are in a fluid ftate^ 

•> • . ■ ■ » 

Ex- 
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Experiment' I.:. \. 

w 

7(? charge a Plate of Air. 

, ; Take two fmooth circular .bp^rds^; • quke 
plain,^, and each aboi|t • tjii;ee or - four feet in 
diameter: coat one fide of each -with tin- 
foil, rwhkh * fhould be.r;pafted • down,' and 
bumiihed, and turned . ov^r tjie edj:e of the 
board; ..[Thefe board&iq^A .be both infulatc^, 
paraJUel to one another, in an horizontal pQ^ 
fition ; they muft be turned with their coat- 
ed ildes . towards each other^ and fhould be 
placed* inffuch a manner as to be eafily re- 
moved to*, or from each .other ; to do which. 
it will h^ proper to 6x to one of the boards, 
a flrong .fuppoi;ter . ?Qf glaisj or baked wood^ 
and to Jufpend therpther> by fUk firings from 
the ceiling, of the room?; from which; by. a 
proper pulley, it may be lowered or raifed» 
fo as to be at any diflance required from the 
lower, boards which nay ^ b^ JP^^4 Vppa the 
taoie* '-• / .' i • • . . , ». . . I 

When tbefe boards are placed ip the maur 
ner abpy«e .^efcribed^ and at about one inch 
(djfboce^gm^ one smother, they may beufed 

exadly 
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lexadly as the two coatings of a paae of glafs. 
If one of the boards is coanede4 with the 
eledriEed prime ConividcoTy and the other be 
left infulatedy tt^ey will receive no charget 
i^fiPeable Co the fe^ond experiment <^ the 
{Nreeeding cbapter, gad if after feme time 
you touch tfaemi fcifd will reeeite on!^ a 
fparlf: froffl the upper board, in eottfequence 
<»f its bemg corif^eifteii with the deified 
pnxDt Condtt&or, Ki whilft one of the boards 
is receiving ElcSrfcity, the other comtrtanir- 
cates with the earthy then, the phde of sdr 
between them will be charged, like a coated 
^ate of glstft; fortha^t board, vrhfcb com-, 
munijcates with the- earth j wiR acquire an 
|5.1e6trkky contrary to that of- tbe other 
board ; and if you touch them, ie. make a 
communication betfween them, tljey wiH ex-^ 
pl€>de, give the Oioc^sJ, &c. fimilar to a charged 

• ■ ../■■. , . 

jar. ' • .. ^. . 

• • * 

In tfeis experinient ft eannot be c«pcaed, 
that fuch an explofion, and with fqch a force 
will be produced, as by an equal furf^ce of 
coated glafs; for here the coating^ cannot 
be brought To near one another as to render 
th?m capable of a bigh charge, bccaufe the 

plat? 
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siite txf air being much lefs eompaA than 
glafe, may be eafily broken by the force of 
the icharge, /. e. \x. n^ay ealily difcharge itfelf* 
NotwithflandiirgV howevep, that a plate of air 
n not capable of jrecciviijig a veiry high charge^ 
yet thi? experimeht has a ' great advantage, 
wh(ch is, that here we may fee what prefles 
bet^freen the two coatings either in charging, 
or dtfcharging the plate of air, and we may 
mtradtrce feveral things into the fubftanee of 
ithis coated eleftric, which produce ieveral 
remarkable appearances. By this experimeht 
the true fete of the iearth, when covered by 
cleftrified clouds, may be reprefented exceed^ 
tofely wdl J and!(fe'teral meteors, that happen 
i*ithkt 'ftate, afld 1?vhich are thought to be 
cffcflfe 6f Eleftricity, may be imitated ; fuch 
ai water-fpouts *, ' and whirlwinds, befides 

- ^-it was foxnetime ^go doubted whether the^caufeof 
watjcr-fpouts could be attributed to Eledhicity, or not; but 
^Xt^x^^X it feems ppttxy well afceruined duit tbey are dec* 
Uic^\ {Phenomena ; it • having been latdyoUerved (befides 
other reafons) that a flaOi of lightening was feen at the 
time that a water^fpout was brok»n^:>aful dirappeared. 
^ See Captain Cook's Voyage roond the World during the 
y«au:i772^3TfT:4Tn-5,.by Mr. G, FpusTBa, f^R. S. 
foJ, I.' p. 190, 



. '*.. .J 
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the well-known eleftrical phenomena, thunder 
and lightening. 

fc. . « . . , a . ... 

• ■ ^ ■ . . » 

V 

In order toteprefent a water- fpout, as it is 
often obfervcd at fea, pHtcethe two boards at 
about two inches diflance from one another ; 
put a large drop of water. about the middle 
of the loyreft of them, and fix a metallic ball, 
or any other piece of metaU that is fomewhat 
fphericai*y:tQ the upper boa)rd, juft oppofite 
to, and at about half ^n inch diftance from 
the furfaGe;of the ;wat:er. If in this (ituation 
the ppper board be ^le^rifiedij whilft the 
lower communicates witlv tbq.3e!arth, tfee water^ 
>vhich reprefents the fea,, will be attracSed by 
the metallic ball, which vTcprefents a ;; cloud, 
and rifmg nearly in a cqnicaj body, tiV^i^ft^'^- 
ford a pretty ; good . repreffentation of .the 
water-fpout f. 






. * The nDetallix:: covering of fomekind of coat buttons 
anfwers excee3ihg]y well, and may«bi3 pafted on^the^iin^ 
foil coating of.tho^board. \r' - - :. . 

f The .knQb;.:of a charged* 'bottle being brought near 
the water in a' ^il1etal plate^ oTv bomtnon earthen^ ware 
fawcei:, (hpwsitiiis;eixpel-iment iha-fimple, and beautiful 
manner. If a large drop of water be placed upon the 
knob of an infulated charged bottle, and the knob of ano- 
ther 
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The appearance of a whirlwind is but fel- 
dom, and by chance to be obferved. The 
bran between the two plates F, P fig. 2, 
Plate I, is often whirled like the duft in a 
whirlwind j but there is no certain rule, that 
I know, for producing this phenomenon. 

■ » ■ 

In order to fucceed In this experiment, Mr. 
Becket diredls to place the boards above 
mentioned, about four or five inches afunder^ 
and to put fome bran, and very fmall bits of 
paper about the center of the lower board. If 
in this fituation the upper board be con- 
neded with the eleQrified prime Conductor, 
and the lower be ^ther connected with the 
ground, or with the rubber of the machine, 
the bran, and bits of paper will be attraiSted, 
and repelled, alternately, by the boards. 
But (fays Mr. Be c K E t *) the moft furpriz- 
ing appeara.nce in this experiment, and 
what gives it the moft exad: refemblance 



4i 



thcr bottle cliarged with the cootrary Elcaricity to 
brought near the drop of water, it will be fquirted away in 
,a curious manner, particularly if the poating of the infu- 
lated bottle be touched at the fame time. 
* In his Eflay on Eleflricity, p. 141. 

4 «*of 
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** of a whirlwind, is that fometiraes, when 
** the Eledricity h very ft;roag, a quantity of 
*^ the paper &hd bran \^i{l accumulate in ode 
place, forming A kind of eolumii bctweeii 
the boards, and fuddenly aequire a fwift 
horizontal motxpn, Ibpving like a whirUfig 
•* pillar to the edge of the boards, ind^jcoifl^; 
*^ thence fly otf and be fcattered about the^ 

^^ room to a coiiiiderable diAancew I owa 

■ ' • •. . • ' ' 

^^ I am entirely at a lofs to account for t.hisf 
*^ extraordinary appearance-rr-I eall it es;tra7^ 
^\ otrdinai^, becaufe It but i&ldodi occursj^ ^n4 
^^ ieems to depend eitheir on a certain decree 
*^ of attradkion, quantity of the brajjfej or difr- 
^^ tancei between the boards : aiicT 1 could 
" feldom get it to fucceed perfedly but by 
" accident.'* 

The phenomena of thunder and iJghtetiinge. 
are exhibited at the fame time by a fponta-* 
neous difcharge of the plate of air^ which may 
be eafily produced by fetting the boards at 
about an inch diftance from each other, and 
cledrifying th«m ftrongly. 
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Tlic beft method to coat fuch eledirics, as 
rofih, fealing-wax, &c. that can eafily be 
melted, is firft to put a circular piece of tin- 
dfoilj abftut two inches left in diameter than 
the pl^e you ihttnd to make, upon a marble 
table i then, to pour over it the eleftric juft 
mcHed. This may be fpread and flattened 
by jpreffing it with a pane of glafs, or any 
thing, that is even, and fmooth ; afterwards, 
another piece of tin-foil equal to the former 
is to be ftuck upon the eledhic, which may 
be *d6ne by pfeffing it gently with a hot 
iron ; and then the plate, which may be eafily 
feparated from the marble table, \\rill be fit 
for ufc. 

EXFERIMENT HI. 

jTo infuJate fluid EkSlrics^ 

Take a large earthen difli, flat at the bot- 
tom', and ftick within it a piece of tin-foil 
about an inch fliorter than the flat part of 
the difh all around, ai;id through a fmall hole 
I made 
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/ 

made in the bottom of the difli, introduce a 
flender wire, which jnuft communicate with 
the tin-foil; then pour into the difli fome 
melted tallow, or other eleftric fubftances, 
that you defire to try ; laftly, let a round 
brafs plate *, equal to the tin-foil, ihick itx 
the difh, and either proceeding from a glafs 
arm, or from the ' prime GEpududor^ juft 
touch the furface of the ele£b:ic in the di{h» 
and let it Hand parallel, and oppdfite to the 
tin-foil ftuck in its bottom. In this manner 
the plate of liquid eleftric is coated, and may 
be eafily fubjeded to experiments. 

* 

Plates of other confiftent eledrics, that can- 
not eafily be melted, may be coated in the 
lame manner as a plate of glafs ; and fome 
of them will be found to anfwer as well, if 
not better than glafs. 

* The brafs plate F fig. 2 of Plate 'I may be very ufe- 
ful for this purpofe. 
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CHAP. IX. 

Experiments on the influence of Points^ and 
the ufefulnefs of pointed metallic ConduSlors^ to 
defend Buildings from the effeSls of Lighten- 
ing. ... 

MY reader in the courfe of this work 
muft have obferved in feveral of the 
experiments already defcribed, the remark- 
able property, that points have, both . of 
throwing off, and receiving ^kntfy the elec- 
tric fluid J but in this chapter I fhall defcribe 
fome more curious experiments of this kind, 
by which the influence of points, in rcfpefl: 
to Eledlricity, n;iay be better underflobd, aiid 
which may, in a more particular manner, de- 
monflrate the utility of metallic Conductors 
to houfes, or piles of building, in order to 
preferve them from the damage often occa- 
lioned by a ftroke of lightening, which is one 
of the greateft benefits that mankind has 
received from the fcience of Eledricity, 



EXPE- 
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Experiment li 

7b difcharge a "Jar JUi^ntfy. 

When a large jar is fully charged#. which 
would, g^ve a terrible (hocki.pwkoae df your 
hands in cont^ft with its outfide coating; 
with the other hol^^ ^ fharp-p(?Hitedv' needle, 
and keepmg thd point dire^e4 tj[»i»rd^ the 
knob of the jir* proieeed gfaid-ually near it^ 
, until the poi©t of the necdlp; - tc«jb$hes thte 
knob. This operation^ difcharges die jar, ia-? 
tirely, aod; you will either reqeiye nfe ihoclQ 
atallt (V fo fmalL a. o|Le* as/«ii hftrdjy be 
perceived. The point of the oc^^dte thjere-r 
fore has filently, and gradually drawn all the 
fuperfluous fluid from the iafide ftwsfacc of 
the electric jar. 

Experiment II. 

Drawing the EleSirictty from the prime Con-- 

duSlor by a JPoint. 

Let a perfon hold the knob of a brafs rod 
at fuch a diftance from the prime Conduftor, 
that fparks may eafily fly from the latter to 
the former, when the machine is in motion. 

Then 
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Then let the Winch be turned, and While the 
Tparks are following ohe another, prerent the 
ihaip point of a needle at nearly twice the dif- 
tance from the prime Condudlor, that the 
knobed rod is held ; atid you ' Will obferve 
thit lid more fparks will go to the rod j-^— 
remove the needle iiitirely, and the fparks 
Will b^ feeii again ;:-^prefent the needle, and 
the fparks difappear ; Which evidently (hows 
that, the pointt)f the needle draws oS Jrlently 
ialmofV all the fluid, that the cylinder throws 
tipoh the prime Gondudor; 

If the needle te fixedf ujidri the primii Con- 
duftor with the poixit outward, and the knob 
of a difcharging rod, or the kiiuckle of a 
iEnger be brought very near the prime Con- 
duxftor^ though the excitation of the cylinder 
hiay be very ftrohg, yet yoii will perceive 
that no fpark, or ah exceeding fmall one tafi 
be obtained from the prime Gonduftoh 

Experiment tit; 

The tleBricFiy, 

Fix the fly defcribcd in the third chapter, 
Upon the prime Condudlor, as reprefentcd by 

T 2 O 
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D fig. 2 of Plate I, then turn the winch of 
the machine, and the fly will immediately 
begin to move round, in an horizontal pofi- 
tion, and in the diredion of the letters abcd^ 
I. e. contrary to the diredion of the points 
of the wires. If the experiment is repeated 
with a Condudlor negatively ele£trified, the 
fly will turn the fame way as before, viz. in 
the diredtion of the letters abed. The rea- 
fon of this experiment depends upon the re- 
pulfion exifting betvy^een bodies pofleffed of 
the fame Eledricity ; for whether the fly is 
eledrified pofitively or negatively, the air 
oppolite to the points of the wires (on ac- 
count of the points eafily tranfmitting Elec- 
tricity) acquireth a fl:rong Eledricity, ana- 
logous tb that of. the points, and therefore, 
the air and the points muft repel each other. 
This explanation is confirmed by obferving 
that the above fly not only does not move in 
vacuo ; and even if placed under a clofe re- 
ceiver, it will turn but for a little while, and 
then flop ; for the quantity of air contained 
in the receiver, may become readily, and 

equally electrified '*• 

ExPE- 

♦ If, when the fly under the clofe receiver is flopped, you 
.put the end of a finger on the outfide of the glafs, oppofitc 

to 
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Experiment IV, 
T'he eleSlrtfied Cotton. 

Take a fmall lock of cotton, extended in 
every diredlion as much as conveniently can 
be done, and by a linen thread about five, or 
fix inches long, or by a thread drawn out of 
the fame cotton, tie it to the end of the prime 
Conductor ; then let the winch of the ma- 
chine be turned, and the lock of cotton, on 
being electrified, will immediately fwell, by 
repelling its filaments from one another, and 
will ftretch itfelf towards the neareft Con- 
dudtor. In this fituation let the winch be 
kept turning, and prefent the end of your 
finger, or the knob of a wire towards the 

to one of the points of the fly, this will move again brl/k« 
ly : and by altering the pofition of your finger occafion* 
ally round the glafs, you may continue its aAion a cori- 
fiderable time, viz. till mod of that part of the glafs is 
charged. In this cafe, when the finger is applied on the 
GUtfide of the receiver, the glafs lofing part of its natural 
eleftric fluid from the outfide (/. e, if the fly is eleftrified 
pofitively, or vice verfa^ if negatively) receives the flui4 
of the ele(5trified air on its infide furface ; hence this air is 
put in a ftate of being again eleflrified by the point of the 
fly, which renews the motion of the fly, 

T 3 lock 
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lock of cotton, which will then immediately 
move towards the finger, and endeavour tQ 
touch it ; but take with the other hand a 
pointed needle, and prefent its point towards 
the cotton, a little above the end of the fin- 
ger, and you will obferve the cotton immedi- 
ately to (brink upward, and inove towards 
the prime Conduftor.— Remove the needle, 
and the cotton will come again towards 
the finger. — Prefent the needle, s^nd the 
cotton vvill flirink again ; vsrhich f:learly 
&OWS, that the needle, being iharp pointed) 
draw? off the ele£lric fluid from the Cotton,, 
and puts it in a ftate of being attradied by 
the prime Condu6lor, vvhich could not be 
efFeded by a wire having a blunted end, or. 
a round b^ll for its termination. 

Experiment V. 

Tie eleSlrified Bladder. 

Take a large bladder well blown, and cover 
it with gold, filver, or brafs leaf, flicking it 
with gum-water ; fiifpend this bladder at the 
end of a filk thread, at leaft fix or feven feet 
long hanging from the ceiling of the room, 
and eleftrify the bladder, by giving it a 

ftrong 
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flrong {p3Lrk with the knob of a charged 
bottle; this done, take a knobed wire, and 
prefent it to the bladder when motionlefs; 
^hd you will perceive, that as the knob iap- 
proaches the bladder, the bladder alfo moves 
towards the knob, and when nearly touching 
it, gives it the fpark, which it received from 
the charged phial, and thus it becomes uri- 
eledtrified. Give it another fpark, and, in- 
ftead of the knobed wire, prefent the point 
of a needle towards it, and you will perceive 
that the bladder will not be attraded by, but 
rather recede from the point, efpecially if 
the needle be very fuddenly prefented to- 
wards it. This is one of Mr. Henl y's ex- 
periments. 

Before we proceed to the pradical ufe of 
jpointed Conductors to buildings, in order to 
defend themfrom lightening, which is nothing 
more than the proper application of the 
preceding experiments, it will be proper 
to fay ibmething in explanation^of the above 
property of points, the caufe of which has 
occafioned feveml c'ontroverfies. In order to 
this, it ihould be remembered, that the 
ele<^ric fluid, fupecinduced upon aia itifulated 

T 4 body. 
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body, is confined upon that body by the air, 
which furrounds it ; further, that Electricity, 
by being continually communicated to the air, 
which is never a perfedt eledric, is gradually 
* diffipated, from whence follows this very 
evident principle, /. e. that as a greater or 
lefs quantity of air is contiguous to a given 
quantity of eledlrified furface, fo that furface 
lofeth its Electricity fooner or later. Suppofe 
for inftance, that a pointed needle is fixed 
upon the prime Conduftor ; mark a dot upon, 
any part of the prime Condudor, which 
may be nearly equal to the point of the 
needle, and then eledtrify the prime Con- 
ductor. Now it is evident to bare infpediion, 
that although the point of the needle, and the 
dot, &c. are of equal furfaces, yet the former 
is expofed to a quantity of air, which almoft 
entirely furrounds it, and which is vaftly 
greater, than the air contiguous to the latter ; 
hence, the EleCtricity, communicated to the 
prime Conductor, is diffipated more eafily 
from the point of the needle, than from the 
dot, or any other part of the prime Conduc- 
tor. Befides, the air about the point may 
more eafily be nioved, in confequence of the 
electrical repulfion, than at any other part 

of 
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of the furface of the prime Condu<3:or, and 
new air, /. e. uneleftrified air, paffes more 
frequently by it, which taking always part of 
the Ele£tricity of that body promotes alfo its 
diffipation. 

In the fame manner may be underflood^ 

> 

why the Electricity is more eafily diffipated 
at fharp edges and corners, than at flat ones ; 
for as the furfaces of bodies in general are 
more or lefs plain, fo they are expofedto a 
lefs or greater quantity of air, and participate 
more or lefs of the nature, and properties of 
points. 

When the pointed body is negatively elec- 
trified, it is for the fame reafon, that it ac- 
quires the eledric fluid through the pointy 
eafier, than through any other part of its 
furface ; /. e. becaufe the point exhibiting the 
leaft furface to the greateft quantity of free 
air, has the greateft number of particles of 
air, from which it can extrad the eledlric 
fluid*. ' 

* For a more particular explanation of the the above- 
mentioned property of points, fee Becc aria's Artificial 
EleSricity, 

EXPE- 
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Experiment VI. 

T^he ^hunder'^houfe. 

Fig, I of Plate II is an inftrument rqpre- 
]^tiog tike fide of a houfey either iurnkhed 
with a metallic Coadudlor, or pot; by which 
both the bad effeds of lightening (biking 
upon a houlie not properly fecured, aiid the 
ufefulnefs of metaUic Condudors^ may be 
clearly reprefented. A is a board about three 
quarters of an inch thickj^ and (haped iike the 
gable-end of a houfe. This board is fixed 
perpendicularly upon the bottom board B, 
upon which the perpendicular glafs pillar 
C D is alfo fixed in a hole about eight inches 
diftant from the bafis of the board A. A 
fquare hole ILMK about a quarter of an 
inch deep» and nearly one inch wide, is 
made in the board A, and is filled with a 
fquare piece of wood, nearly of the fame di- 
menfions. — I mention, nearly of the fame 
dimenfions, becaufe it muft go fo ea/ily into 
the hole, that it may drop ofi^| by the leaft 
fliaking of the inftrument. A wire L K ia 
fattened diagonally to this fquare piece of 

wood^ 
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leraod. Another wire I H of the fame thifck- 
nefs, haying ^ braf$ ball H, fcrewed on its 
pointc4 extremity, is faftened upon the board 
A ; fo alfo is the wire M N, which is (haped 
in a ring at O. From the upper extremity 
of the glafs pillar C D> a crooked wire jh'o- 
ceeds, having a fpring focket F, through 
-which a double knobed wire flips perpeh- 
idicularly, the lower knob G of which falls 
juft above the knob H. The glafs pillar D Q 
muft not be made very faft intp the bottom 
hoard ; but it muft be fixed fo as it may be 
pretty eafily moved round its own axis, by ' 
which means the brafs ball G may be brought 
nearer or farther from the ball H, without 
touching the part E F G. Now when the 
fquare piece of wood L M I K (which may 
reprefent the ftiutter of a window or the like) 
is fixed into the hole fo, that the wire L K 
ftands in the dotted reprefentation I M, then 
^he metallic pom^unication from H to O, is 
pomplete^ and the inftrument reprefents a 
houfe furnifhed with a proper metallic Gon<- 
d^<9:of ; but if the fquare piece of woo4 
L M I K. is fixed fp, that the wir>e L K flands 
in the dire^ion L K, as reprefented in the 

figure. 
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figure, then the metallic G)ndudlor HO, 
from the top of the houfe to its bottom, is 
interrupted at I M, in which cafe the houfe 
is not properly fecured. 

« 

Fix the piece of wood L M I K, fo that 
its wire may be as reprefeuted in the figure, 
in which cafe the metallic Condudlor H O is 
difcontinued. Let the ball G be fixed at 
about half an inch perpendicular diftance from 
the ball H, then, by turning the glafs pillar 
D C, remove the former ball from the latter ; 
by a wire or chain connetS: the wire E F 
with the wire Q^of thejar P, and let another 
wire or chain, fattened to the hook O, touch 
the outfide coating of the jar. Conned: 
the wire Qj?vith the prime Condu£tor, and 
charge the jar ; then, by turning the glafs 
pillar DC, let the ball G come gradually 
near the ball H, and when they are arrived 
fufKciently near one another, you will ob- 
ferve, that the jar explodes, and the piece of 
wood L M I K is puflied out of the hole to 
a confiderable diftance from the thunder- 
houfe. Now the ball G, in this experiment, 
reprefents an eleftrified cloud, which when it 

is 
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is arrived fufficiently near the ' top of the 

» 

houfe A, the Eledtricity ftrikes it, and as this 
houfe is not fecured with a proper Conducflor, 
the explofion breaks part of it, /. e. knocks 
off the piece of wood I M. 

■ \ ' 
Repeat the experiment with only this vari- 
ation, viz. that this pl^ece of wood I M is 
futated fo, that the wire LK may ftand in 
the fituation I M ; in which cafe the Con- 
ductor H O is not difcontinued ; and you 
will obferve, that the exiplofion will have no 
efFe£t upon the piece of wood L M ; this re- 
maining in the hole, unmoved ; which fhows 

the ufefiilnefs of the metallic CoaduCtor. 

• ■ ' -^ 

Further j unfcrew the brafs ball H from 

... . . rf • 

the wire H I> fo that this may remain pointedi 
and with this difference only in the apparatus 
repeat both the above experiments ; and you 
will find that the piece of wood IM is in 
neither Cafe moved from its place, nor any 
explofion yvill be heard, which not only de- 
jnonftratps the preference of Condudors with 
pointed terminations to thofe with blunted 
ones, but alfo fhows that a houfe, furnifhed 
with ihajrp terminations, although not fur- 
nifhed 
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tor of the machine, he fhould be kept elec^ 
trified as long, and often, as his phyficiaa 
may think proper. Shocks in this cafe, and 
even fparks, fhould be avoided ; for though 
they may not be actually injurious, yet they 
are by no means pleafing fenfations ; efpecial* 
ly to a fick perfon. 

In cafes of partial obftrudions, as xheu- 
matifm in the knees, fhoulders, &c. ^png 
fparks may be drawn from the affeded part, 
$ind fometimes fmall fhocks may . be ;Very 
proper. . : 



I , 



In fome cafes, v^here fhocks may,: . be 
thought neceffary, they fhould be confined to 
that part only, which is affedted with the 
diforder, and fhould never be too fbrong ; 
a number of fmall fhocks (as for inflance, 
from a half-pint phial fully charged) haying 
been found to be more beneficial, than large 
ones. In order to confine the fhock to one 
part of the body only, as for iriflance to the 
knee, tie a wire or a x:hain round the leg^ 
a little below the knee, and put another 
chain round or in contadl with the thigh»^ 
a little above the knee j laflly conne<^, one of 
4 thefe 
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thcfe chains with the outfide coating of 
the jar, and tie the other to one of the 
wires of the difcharging rod. Now, when 
the jar is charged, if you bring one knob of 
the difcharging rod, aear the knob of the 
jar, the (hock will be fent through the knee, 
as defired. The wires may alfo be faftened 
on each fide the knee, by filk firings, and 
the fhockfent frooi one fide of it to the 
Other, if needful. If the quadrant elec- 
trometer is fixed upon the prime Condndor, 
and the Operator obferves to difcharge the 
jar always when the index is arrived to a 
given degree, tl^e fliocks will be precifely of 
the fame ftrengtb. 

A very ufeful inftrument to cure the 
tooth-ach, is reprefented fig. 6, Plate II. 
It confifts of two wirea A E, B E, fixed 
in two holes in the piece of baked wood 
H. Thefe wires from C to D, and G 
to F are bended in a plane inclined to 
the reft of the wires ; their extremities D E, 
F E, being again* bended towards one ano- 
ther, and in the plane of C A OB, The 
extremities A B of the wires are bended in 
a ring. When this inftf ument is to be ufed, 

U it 



ago A COMPLETE TREATISE 

it muft be applied in fuch a manner, that 
the affedled tooth may be embraced pretty 
firmly by the two wires at E, which being 
flexible, may be adjufted fo as to receive 
teeth of difFerent fizes ; then the end A, or 
B of one of the wires, by means of a chain 
or a wire, mufl: be conneded with the out- 
fide of a charged jar, and ^he end of the 
othtr wire with the knob of the jar,: fo as to 
make the fhock pafs through the wires of the 
inftrumentt and in confequence through the 
tooth. A fingle fhock, fent through an af- 
fedled tooth in this manner, will often cure 
it inflantaneoufly ; it is however proper to 
fend aJways two or three fhocks through it. 



CHAP- 
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C H A P. XI. 

Experiments with the ele^rical Battery. 

The force of accumulate'd Eledrlcity, great 
as it appears by the experiments performed 
with a fingle coated' jar, is very fmall whefi 
compared -With that, which is prodtfcedby ± 
number of jars conneAed together j and if 
the efFefts of a fm'gle jar are furprifing, the 
prodigious force of a large battery iS eertain-' 
ly aftonifhing. To tfblervC that the metals, 
even the moft puf iiSed pfetiha, ' which refifts 
the greateft efforts of chemic" fife, are aftual-- 
ly, and aliridft inftantaileoufly rendered red- 
hot, and fufed : to fee animals deftroyed, 
and to hear the loud report of a large elec* 
trie battery, are things that always produce 
a kind of terror in thfe mind of an attentive 
obferver. Experiments of this kihd fhbuld 
be conduced with great caufioft, and the 
Operator ought to be attentive, not only to 
the bufinefs in hiand, biit alfo to, the per- 
fons, who may happen to be near him, pro^ 
hibitirig their touching, or even coming too 
near ^ny part of the apparatus ; for if a 

U z miftake ' 
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miftake in performing other experiments may 
be difagreeable, thofe in the difcharge of 2^ 

large battery may be attended with worfe 

• * .1 

, confequences. 

When a battery is to be charged, inftead 
of a large prime Conduftor, a fmall one i^ 
much more convenient; for, in this cafe, 
the diflipation of the Eledricity is not {o 
confiderable. The quadrant electrometer, 
which fliows the height of the charge in thq 
battery, may be fixed either upon the prime 
Conduftor, ,or upon the battery, in which 
latter cafe, it fhould be placed upon a rod 
proceeding from the wires of the jars, arid if 
the battery be very large,, it fhould be elevated 
two or three feet above them. 

The index of the eleftrometer in charging 
a large battery will feldom rife fo high as 9o\ 
becaufe the machine cannot charge a bat- 
tery fo high in proportion, as a fingle jar. 
Its limit is often about 60^ or 70^, more or 
lefs in proportion to the fizc of the battery, 
and the force of the machine. 

EXPE- 
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Experiment I. 



Sh&^ melt Wires. 



Connedt with the hook, communicating 
^ith the outfide coating of a battery, con-, 
taining at leaft thirty fqtiare feet of coated 
furface, a wire, that is about one fiftieth part 
of an indh thick, and about two feet long ; 
the other end of it muft be faftened to one end 
of the difcharging rod j this done, charge the 
battery, and then by bringing the difcharg- 
ing rod neat* its wires, fend the explofion 
through the fmall wh^e, which, by this means, 
will be made red-hot, and melted, fo as to 
fall upon the floor in different glowing 
pieces. When a wire is melted in this man- 
ner, fparks are frequently feen at a confide- 
rable diftarice from it, which are red-hot 
jiarticles of the metal, that by the violence 
of the explofion are fcattered in all direftions. 
If the force of the battery is very great, 
the wire will be intirely difperfed by the 
explofion, fo that none of it can be after-i 
wards found. 

\ 

Us By 
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V 



By repeating this experiment with wires 
of different metals, and the fame force of ex- 
plofion, it will be found that fome metals are 
more readily fufed than others, and fome not 
at all effe(3;ed j which flxows the diflFerence of 
their conducing power. If it be required to 

- ■ 

melt fuch particles of metals, that cannot 
eafily be drawn in wires, as ores, grain gold, 
&c. they may be fet in a train upon a piece 
of wax ; this train may be inferted in the 
circuit, and an explpfion may be fent through 
it, which, if it is fuflGiciently ftrong, will inelt 
the metallic particks, as well as the wires : 
or, if the quantity to be tried, be large enough, 
it may be confined in a fmall tube of glafs. 

In melting wires of a confiderable length, 
it is often obferved that when the force of the 
explofion is juft fuflScient to render the wire 
red-hot, therednefs begins firftfrom one end 
of it, namely that which communicates with 
the pofitive fide of the battery, and from 
thence gradually proceeds to the other end. 
This is another ocular demonftr^ition of the 
theory of a fingle eleftric fluid. 

4 

If 
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agS 



If a wire is ftretched by weights, and 4 
ihock is fent through it, which renders it juft 
red-hot, the wire, after the explofion, will be 
found confiderably^engthened. If a wire is 
melted upon a piece of glafs, the glafs, after 
the explofion, will be found marked with all 
the prifmatic colours. 

Experiment II. 

^0 Jhow that the ele£irte Fluid prefers a Jhort 
Pajf'age through the Air^ to a long one 
through good ConduSlors. 

Bend a wire about five feet long in the 
form reprefented by fig. 1 1 , Plate IT, fo that 
the parts A, B may come within half an inch 
of one another ; then connect the extremi- 
ties of the wire with the hook of the battery, 
and the difcharging-rod, as direded ia the 
preceding experiment, and fend the charge 
of a battery through it. On making the ex'- 
plofion a fpark will be fcen between A and 
B, which fhows tjiat the eledric fluid choofes 
rather a fhort paflage through the air, than 
the long one through the wire. The charge 
however, does not pafs intirely through A 

U 4 and 
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and B, but part of it goes alfo through the 
wire, which may be proved by putting a 
flender wire between A and B;. for on mak^ 
ing the difcharge with ^only this additibn in 
the apparatus, the fmall wire will be hardly 
made red-hot, whereas jf the large wife 
A D B be cut in D, fo as to difconti- 
nue the circuit A D B, the fmall wire will 
be melted j and even exploded ' by the famie 
Ihock, that before made it fcarcely red-hot. 
In this manner {fays Dr. Priestley, who is 
the inventor of this experiment) may th^e 
condufting power of different metals fa|e tried, 
ufing metallic circuits of the fame length and 
thicknefs, and obferving the difference of the 
paifage through the air in each. 

Experiment HI. 

To make Globules of Metals. 

Take a very flender wire, and put it in a 
glafs tube, about one quarter of an inch in 
diameter ; then fend the charge of a battery 
through it, and the wire will be melted, and 
reduced in globules of different fizes, which 
are found flicking on the infide furface of 
the glafs tube, and they may be cafily fepa- 

rated 
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tated from it at pleafure: thefe, upon exami- 
nation, will all be found hollow, and are little 
more than a mere fcoria of metal. 

It muft be obferved in making this experi- 
ment, that the charge of the battery muft 
neither be too high, nor too weak ; for in 
the former cafe the wire will be reduced in 
pieces exceedingly fmall, or rather exploded 
in fmoak, and in the latter cafe it will be im- 
perfedly fufed, fo that its pieces Will be large, 
and irregular. 

Experiment IV. 

9 

The Fairy Circles. 

Fix upon each of the knobs D D of the 
univerfal difcharger, fig. 5, Plate I,, or upon 
the wires that fupport the knobs, if the knobs 
are removed, a flattifh, and fmootti piece of 
metal, or femi-metal (watch-cafes are Tery 
fit for this purpofe), fo that their furfaces may 
come fo Dyear each other, that the battery may 
be difcharged through them; then connect 
one wire of the difcharger with the outfide of 
the battery, and the other wire, by the help 
of the difcharging rod, with the infide of it, 

fo 
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fp. as to make the difcharge, which will 
occa(ioa the fpot, and circles defcribed in the 
Firft Part of this Treatife, upon the fur&ce of 
each of the pieces of metal fixed upon the 
difcharger. 

Thefe circles have hitherto been exhibited 
upon the furface of no other fubflances but 
metals, and they are found to be marked 
more diilindly upon fuch metals^ as melt 
with the leaft heat. The moft beautiful of 
thefe rings are produced by a number of dis- 
charges from a large battery, every part of 
the apparatus remaining exactly in the fame 
fituation. If the pieces of metal receive the 
exploiion in vacuo, the fpot formed on them 
is yery irregular, and confufed. 

I have given thefe fpots the appellation of 
Fairy Circles^ on account that they bear fome 
refemblance to the fpots fo called, which are 
often obferved upon the grafs in the fields. 
Thefe, which we may call natural Fairy 
Circles in the fields, it has been thought to be 
effefted by lightening, on account of their 
bearing fome refemblance to the above-men- 
tioned circles produced by Electricity ; the 

fuppofition^ 
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fuppofition, however, feems not very proba- 
ble ; for the fpots in the fields, called Fairy- 
Circles, have no central fpot, no concentric 
circles, neither are they always cxf a circular 
figure ; and, as I am informed, they feem to 
be rather beds of mufhrooms, than the 
effedis of lightening; 

Experiment V. 

* 

To mark coloured Rings on Metals. 

In order to exhibit coloured rings upon thef 
furface of metals, place a plain piece of any 
of the metals upon one of the wires of the 
univerfal difcharger, and upon the other wire 
fix a Iharp-pointed needle with the point juft 
oppofite to the furface of the metal ; then 
connedt one wire of the difcharger with the 
outfide of a battery, and the other with the 
difcharging-rod, &c. In this manner, if ex- 
plofions are repeatedly fent either from the 
point to the piece of metal, or from the latter 
to the former, they-will gradually mark the 
furface of the piece of inetal, oppofite to the 
point, with circles confiding of all the prif- 
matic colours ; which are evidently occafion- 

ed 
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cd by laminae of the metal, raifed by the force 
of the cxjplofions; 

Thefe colours appear foorier, and the fings 
are dofer to one another, when the point is 
nearer to the furfacc of the metal. The nnm-^^ 
ber of rings is greater or lefs, according as the 
point of the needle is more fliarp or more 
blunt ; and they are reprefented equally well 
upon any of the metals. 

■ 

The point of the iieedle is alfo coloured 
to a coniiderable diftance, the colours upon it 
returning in circles, though not very diftiiift*^ 
ly* This is an experiment of Dn Priest- 
ley. 

Experiment VL 

The Earthquakei 

The appearance of the earthquake, as re-^ 
prefented with the explofion of a battery, ij9 
occafioned by the concuflion ^iven to feveral 
fubftances by the explofion palling over their 
furfaces. To give a reprefentation of the 
impreffion made upon houfes by the earth- 
quake, fmall fticks, cards^ or the Jike may be 
I placed 
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placed upon the furface of the body^ over 
which the explofion is to be tranfmitted, (6 
as to ftand very light. Thefe flicks, Sec. 
will never fail tp be fliook ; and pfteo be 
t|irown down by the explofion, 

* 

It IS remarkable that an explofion will not 
pafs over the fame length of furface of, all 
l^pdies, though they ajre equally good Con-r 
du6tors. Water, ice, wet wood, raw He/fat, 
and moil of the animal fluids, are the befl to 
make this remarkable experiment; todo which 
nothing more is required, than to infer t part 
of the furface of the faid fubflances into the 
circuit of the two fides of a battery ; a chain 
for inflance communicating with the oqtfidc;, 
niay be placed fo as nearly tq touch the furT 
face of a quantity of water^ and at about eight 
or nine inches diflant * from another chain, 
fituated alfo very near the furface of the water, 
and communicating with one end of the dif- * 
charging-rod. If the ends of the chains 
touch the water, the experiment will happen 
in the fame manner. 

' The diftance, at which an explofion will ftrike over 
the furface of the above-mentioned fubftances is much 
greater, than that it can ftrike through in air only. 

The 
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The report, in this experiment, is much 
louder than when the explofion pafles 
through the air oiily* The concuflSon given 
to the water by the explofion paffing over its 
furface, is not only fuperficial, but aflFeGs its 
whole body ; and if the hand is kept deep 
under its furface, whilft the explofion paffes 
over it, the concuffion may be very fenfibly 
felt. 

• ■ 

The fpark, that in^ this experimeirt pafles 
over the furface of the water, feetts to bear a 
great refemWance to tfee balls of fire, that 
have foftietimes been feen over the furface of ^ 
the fea, or land, in time of an carthqtiarke ; 
and hence it feems very probable, that tliofc 
balls of fire are electrical* phenomena. * 



^ 
I 
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CHAP. XII. 

Promifcuous Experiments. 

Experiment L 

75? Jbow that Smoak^ and the Vapour of hot 

Water are ConduSlors. 

LE T a cork ball eleftrometer be luf- 
pended about four or five feet aix>ve 
the prime Conductor, then turn the wineh 
of the machine very gently, and you will 
find, that the balls of the eleftrometer will 
not diverge. Put upon the prime Conduc- 
tor a wax taper * jufl: blown out, fo that 
its fmoak may afcend to the eledtrometer; 
then turn the winch again, and the balls of 
the eledirometer will immediately feparate a 
little with the fame force of EleSricity from 
the prime Condu6tor: which ihows that 
fmoak is a Conductor in a fmall degree. 



* A green wax taper is the beft fof this experiment. 
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In the fame manner, by placing a fmall 
veffel with hot water upon the prime Con- 
dudor, infbad of the wax^ taper, it may be 
proved, that its vapour is alfo a Conduftor ; 
but inferior in its condufling power, to the 
fmoak. This experiment is an invention of 

l\lr. HENtT. 

Experiment II. 

■ 
To prove that Glafs and other EleBrks beeome 
Condu3ors^ when they are made very hot. 

Take a fmall glafs tube of about one 
twentieth of an inch in diameter, and above 
a foot long ; clofe it at one end^ and in^* 
troduce a wire into it, fo that it may be 
extended through its whole lengt|> : let two 
or three inches of this wire projefl: above 
the open end of the tube, a^d there faftcn 
it with a bit of cork ; tie round the clofed 
end of the tube, another wire, which wil^ 
be feparated from the wire within the tube 
only by the glafs ihterpofed between them. 
In thefe circumftances endeavour to fend a 
ihock through the two wires, /. e. the wire 

in- 
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inferted iik the glafs tube, and that tied on 
its OBtfide, by conned:ing one of them with 
the outfkTe, an4 touching the other with the 
knob of a charged jar, and you will find 
AbX, the difcharge cannot be made, unlefs 
t^ tube be broken ; becaufe the circuit is 
interrupted by the glafs at the end o€ the 
tube, which is interpofed between th« tw& 
wires* But put that end of the tube, to 
which, the wire is tied, into the <ire, fo 
that it may become juft red-hot, thin en- 
deavour to difcharge the jar again through 
the wires, and you will find that *e explo- 
fion will be eafily tranfmitted from wire to 
wire, through the iiabftance of the glafs, 
which, by being made red-hot, . is become a, 
Condu£tor. 

la order to .afcertain the conducting qua- 
lity of hot refinous fubftances, oils, &<;. 
bend a glafs tube in the form of an arch 
CEF D fig. 7, Plate II; and tie a filk 
firing GC D to it, which ferves to hold it by, 
^en it is to be fet near the fire; fill the 
middle part of this tube with rofin, fealing* 

» » 

wax, &c. then introduce two wires A E, 
fi JP through its ends, fo that they may 

X touch 
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touch the rofln, or penetrate a little wa/ 
in it. This done, let a perfon hold the 
tube, over a clear fire, fo as to melt the rofin 
within it; at the fame time, by connecting 
dne of the wires A, or B with the outfide of a 
charged jar, and touching the other with 
the knob of the jar, endeavour to make the 
difcharge - through the rofm, and you will 
obferve that, while the rofm is cold^ no 
fhocks can be tranfmitted through it ; but 
it becQmes a Conductor, according as it melts, 
and when totally melted, then the ihocks 
will pafs through it very freely. 

Experiment III. 

^ojhow that hot Air is a ConduSlof. 

Eledrify one of the cork-ball eleSromc- 
ters, fufpended upon the ftaqd fig. 4 of 
Plate I, or eledrify the prime Conductor with 
the quadrant eleftrometer ; then bring a red- 
hot iron within a fufficient diftance of the 
eleftrometer or prime Conductor, and you 
will find that they foon lofe their Eleftricity, 
which is certainly conduced by. the hot 
air coutiguous to the iron ; for if the expe- 

riment 
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riment be repeated with the fame iron, ,when 
cold, /. e. by bringing it within the fame 
diftance of the eledrified Eledrometer or 
prime Conductor, their Eledlricity will not be 
conducted away as before.* 

The above experirnents . may reafonably 
induce us to fufpedt, that feveral fubftances, 
which are ranged amoAg Condudlors, would 
become eledrics if they were brought into 
a colder temperature ; and that all the elec- 
trics become G)ndud:ors, when they are heat- 
ed in a very high degree. 

* It has been often obferved, that a battery may be 
difcharged by introducing a red-hot iron between tv^o 
knobs interpofed, and ftanding at fome diftance from 
each other in the circuit : but if, inftead of iron, there 
be introduced a piece of red-hot glafs between the knobs, 
(the diftance between them remaining as at firft} the 
battery cannot be difcharged : whence we may infer that 
either hot air is not fo good a Condu<^or as has been 
imagined, or elfe, that air heated by iron (perhaps from 
its ignited particles) is ftronger with refpeft to its con- 
dudting^power, than when heated by the red-hot glafs. 
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3o8 A COMPLETE TREATISE 



Experiment rv. 

To ekSh-ffyjtbe Air of a Room. 

The air furrounding the electrical ma- 
chinje when in ufe, and contiguous to every 
highly eledlrified body, always acquires a 
portion of Eledricity, which it retains iot 
a conHderable time. A very expeditious 
method, however, to eledrify the air, is to 
fix two or three needles upon the prime 
Condudor, and to keep it ftrongly eledri- 
fied for about ten minutes. If afterwards 
an eledrometer be brought into the air fur- 
rounding the apparatus, it will plainly {how 
that the air has acquired a confiderable 
quantity of Eledricity, which it will retain 
even after the apparatus has been removed 
into anothfer room. To eleftrify the air ne- 
gatively, conneft the pointed needles with 
the rubber when infulated ; and make a com- 
ijiunicatiori by a chain or wire, from th€ 
prime Conduftor to the table. 

Another method of eledrifying the air, 
is to charge a large jar, and ihfulate it : 

then 
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then connefl: a Iharp-pointed wire, or a 
number of them, with the knob of the jar ; 
and make a communication from the outfide 
coating to the table. If the jar be charged 
politively, the air of the room will foon 
become ftrongly eleftrified pofitively like-^ 
wife : but if the jar be charged negatively, 
the air will become alfo negative. A charg** ^ 
ed jar being held in one hand, and the 
flame of a candle infulated, and held in the 
other, being brought near the knob of the 
jar, will alfo foon produce the fame ef- 
fed. 

Experiment V. 

The. Atmofpbere of Smoak. - ' 

Take a brafs ball or any piece of metal 
that is free from points or edges, of* about 
three or four inches diameter, aitd infulate 
it upon a narrow elcdric fland ; then give v 
it a fpark with the knob of a charged 
phial, and immediately prefent to it a wax 
taper juft blown out and fmoaking. The 
fmoak in this cafe will be attracted by the 
eledrified body, and by encompafiing that 

X 3 body. 



310 A COMPLETE TREATISE 

body, will form a kind of atmofphere about 
it. This atmofphere will remain for a few 
fcconds, and afterwards, beginning from the 
bottom, will gradually vanifh, until at laft, 
iatirely departing from the eledlrified body, 
it goes, off in a flender column, that foon 
rarefies, and difFufes itfelf into a confiderable 

fpace. 

« 

This experiment will not fucceed unlefs 
it be made in very dry weather, and in a 
ropm, where the air is not agitated: care 
muft Alfo be taken, that in blowing out the 
taper, and prefenting it to the eleftrified 
body, the air be difturbed as little as pof- 
fible. ^ • 

This phenomenon has induced fome phi- 
lofophers to fuppofe, that the Eledtricity of 
an eledrified body, refided about it, /. e. 
refted upon its furface like an atmofphere, 
which, they thought, was made very evident 
by the fmoak. But this appearance, when 
duly confidered, is far from proving any 
fuch eledric atmolphere, and the caufe of 
it may be very eafily explained in the fol- 
lowing manner. The fmoak is attracted by 

the 
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the eleftrified body in the fame manner, and 
for the fame reafon, that other bodies are at- 
trafted by it. It remains fufpended about 
. that body, and cannot all come into contadt 
with its furface, on account of the elafticity 
of its particles. It remains fo long fufpend- 
ed about the electrified body, and is not im- 
mediately repelled, becaufe It is a bad Con- 
du<3:or, and acquires Eledtricity very flowly ; 
but having acquired a fufficient quantity of 
Eleftricity, it begins to quit the eleftrified 
body, and afcending in the air, extends itfeJf 
into a large fpace, in confequence oiF the 
repulfion exifting between its own electrified 
particles* 

Experiment VL 

Tojhew that Metals conduSi the eJeBric Fluid 

through their Subjiance. 

Take a wire of any kind of metal, and 
cover part of it with fome eleCtric fubftance, 
as rofin, fealing-wax, &c. then difcharge a 
' iar through it, and it will be found, that 
it conducts as well with, as without ^ the 
cleCfcric coating. This proves that the elec- 

■ X 4 trie 
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trie fluid pafles through t^ie fubftance of the 
metal, and not over its furface. A wire con- 
tinned through a vacuum is alfo a canviaciog 
proof of the truth of this obfervation* 

Experiment VII. 
T!hi eleSirified Cup and CJbaWs 

• ^ ■ 

Infulate a metallic cup, or any other con«- 
cavc piece of metal ; and place within it a 
pretty long metallic chain, having a filk 
thread tied to bne of its ends. To the hau-* 
die of the cup, or to a wire proceeding from 
it, fufpend a cork-ball eleftrometer ; then 
cledrify the cup by giving it a fpark with 
the knob of a charged phial, and the balls 
of the eleiStrometer will immediately diverge. 
If, in this fituation, one end of the chain 
be gradually raifed up above the top of the . 
cup, &c. by the filk thread, while the ' 
lower end of the chain remains in it, the 
balls of the eleftrometer will converge a 
little ; and more or lefs in proportion, to the 
elevation of the chain above the top of the 
veflel ; which proves that the Eledricity of 
the cup an^ chain together is more denfe, 

when 
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when thefe bodies are in a compaA, than 
when they are in a more extended form.. 
A more eafy method to fhew this property 
of Eledtricity, is that ufed by T. Ronaynet. 
Efq; which is as follows : He excites a 
long flip of white flannel,, or a filk ribbandf 
by rubbing it with his fingers ; then by ap-p 
plying his hand to it, takes oflF as many 
fparks as the excited electric will give ; but 
when the flannel, &c, has lofl: the power of 
giving any more fparks in this manner, he 
doubles, or rolls it up ; by whiih operation « 
the contracted flannel, &c. appears fo ftrong- 
ly ele6trical, that, it not only gives fparks 
to the hand brought near, but it throws out 
fpontaneous bruflies of light, which appear 
very beautiful in the dark. 

Experiment VIII. 



/■ 



Tojbow the Courfe of the ekSiric Fluid by the 

Flame of a Wux-^tafer. 

Fix at that extremity of the prime Con* 
dudor, which is the r^motefl: from the ma- 
chine, a brafs rod fix inches long, having 
OQ its extremity a brafs ball about three* 

fourths 
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fourths of an inch in diameter, and let the 
winch of the machine be moved. If in this 
fituation the flame of a wax-taper bci pre- 
sented to the above-mentioned brafs ball, it 
will be blown almoft horizontally, and in a 
direftion from the ball, that is, in the di- 
rection of the electric fluid. If a wire with 
a like ball be fixed to the infulated rubber, 
the flame of a wax-taper, prefented to this 
ball, will be blown alfo in the diredtion of 
the eleftric fluid, that is, it will be blown 
upon the ball, fhowing the true courfe of the 
, electric fluid in a very fimple and convincing 
manner. 

Experiment IX. 

31? P^ow the eleSlric AttraSlion^ and Repulfion 

by the eleStric Light. 

Fix a pointed wire upon the prime Con- 
duftor, with the point outward, and ano- 
ther like wire upon the infulated rubber; 
then let the winch of the machine be turned, 
and the points of both wires will appear 
illuminated, viz. the former with a brufh, 
and the latter with a flar. In this fituation, 

take 
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take an excited glafs tube, and bring it fide- 
way of the point of the wire fixed upon the 
prime Conductor, and you .will fee, that the 
brufh of rays ifluing from the point, is 
turned fideway, /. e. is repelled by the at- 
mofphere of the tube ; and if the excited 
tube be held juft oppofite to the point, the 
brufli will intirely vanifh, becaufe both the 
tube and the point are ele6lrified pofi live- 
ly. If the excited tube be brought near the 
point of the wire fixed upon the rubber, 
the ftar upon it will turn itfelf towards the 
tube ; for this wire, being electrified nega- 
tively, will attrad theeleftric fluid of the ex- 
cited tube. ^ 

If this experiment be repeated with an 
excited ftick of fealing-wax, or any other 
eleftriq, negatively eleftrified, inftead of the 
glafs tube, it will be found, that the brufh 
proceeding from the ^ire fixed upon the 
prime Conductor, will turn itfelf towards 
the excited wax, &c. and the ftar upon the 
point of the wire negatively eledlrified, will 
be diverted from it, or intirely fupprefledj if 
the excited ftick of fealing-wax be brought 
juft oppofite to the point. 

EXPE- 
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Experiment X. 

^he eleShtfied Capillary Syphon. 

Let a fmall bucket of metal, full of water, 
be fufpcnded from the prime Condudlor, and 
put in it a glafs fyphon of To narrow ex-* 
trcmity, as the water will juft drop from 
it. If iji this difpofition of the apparatus 
the winch of the machine be turned, the 
water, which, when not eledkrified, only 
dropt from the extremity of the fyphon, 
will now run in a full ftream, which will 
even be fubdivided into other fmaller 
ftreams ; and if the experiment be made 
in the dark, it tirill appear beautifully illu- 
minated. 

Experiment XI. 

The eleStrified Bells. 

Fig. I o of Plate II, reprefents ^n inftru- 

ment having three bells, which are caufed 

to ring by the power of eleftric attra^ion 

and repulfion. B i$ a brafs piece furnifl^ed 

4 with 



OF ELECTRICITY. 317 

with a hobk, by which it may be fufpend- 
ed from the rod proceeding frqm the extre*- 
mity of the prime Condudtor A. The two 
bells C, and £ are fufpended by l^afs chaiaSt 
but the middle bell D^ and the two fmall 
brafs clappers between C D, and D E^ ar<S 
fufpended by filk threads. From the con- 
cave part of the beli D a brafs chain pro- 
ceeds, which falls upon the table, and his 
a filk thread F at its extremity. The appdt-*- 
ratus being difpofed as in the figure, if the 
cylinder of the machine be turned, the clap-- 
pers will fly from bell to bell with a very 
quick motion, and the bells will ring as long 

as they are kept eleftrified. 

> 

The two bells C and E^ being fufpended 
by brafs chains, are firft eleilrified^ hence 
they attra^ the clappers, communicate to 
them a little Eledtlricity, and repel them to 
the unele^rified bellD, upon which the clap- 
pers depofit their Ele6:ricity, and then run 
again to the bells C, E, from which they 
aojuitift mbre Eleftricity, &Ci If by holding 
the filk thread F, the chain of the miiddle 
bell ht raifed (torn the table ; the bdls j after 
ringing; i liVtlS ^htle> Will flop, becaufe the 

- bell 



3t8 A COMPLETE TREATISE 

bell D remaining ihfiilatpd, will foon become 
as ftrongly eleftrified as either of the other 
two bells, in which cafe the clappers, hav- 
ing no opportunity to depofit the Ele<3:ri- 
city that they acquire from the bells C, E, 
muft confequently flop. 

If this experiment be made in the dark, 
fparks will be feen between the clappers and 
the bells. 

Experiment XII. 

^he Spider feemingly animated by EleBricity. 

Fig, 9 of Plate II, reprefents an ele£tric 
jar, having a wire C D E fattened on its 
outfide, which is bended fo as to have its 
knob E, as high as the knob A. B is a 
fpider made of cork with a few fliort 
threads run through it, to reprefent its legs. 
This fpider is fattened - at the end of a filk 
thread, proceeding from the ceiling of the 
room, or from any other fupport, fo that 
the fpider may hang mid-way between the 
two knobs A, E, when the jar is niot 
charged. Let the place of the jar upon the 
2, table 
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table be marked; then charge thej^r by 
bringing its knob A in contad with the pfime 
Condudor, and replace it in its marked 
place. The fpider will no>Y: begin to move 
from knob to knob, and continue this mo- 
tion for aconfiderabletimc, fometimes for fe- 
veral hours. 

The infide of the jar being charged po- 
fitively the fpider is attrafted by the knob 
A, which communicates to it a fmall quan- 
tity of Eled:ricity ; the fpider then be- 
coming poflefTed of the fame Eleftricity 
with the knob A, is repelled by it, and 
runs to the >^ knob E, where it difcharges its 
Electricity, and is then again attracted by the 
knob A, and fo on. In this manner the jar 
is gradually difeharged ; and when the . dif- 
charge is nearly compleated , the fpider . fi- 
nifhes its motion. . 

Experiment XIII. 

the Spiral. Tube, : . .. 

Fig. 13 of Plate II, reprefents an inftru- 
ment compofed of two glafs tubes C D, one 

within 



S20 A COMPLETE TREATISE 

within another, and clofed with two knobcd 
brafs caps A, and B. The innermoft of 
thefe tubes has a fpiral row of fmall round 
pieces of tin-foil, fhick upon its outfide fur- 
face, and laying at about one thirtieth of 
an ^ inch fropi each other. If this inftru-* 
ment be held by one of its extremities, and 
its -other extremity be prefented to the prime 
Conduftor, every fpark that it receives 
from the prime ConduSor, will caufe fmall 
fpark to appear between all the round pieces 
of tinrfoil ftuck upotT the innermoft tube, 
which in the dark affords a pleafing fpedla- 
ele ; the inftrument appearing encompafled by 
a fpiral line of iirc. 

The fmall round pieces of tin-foil are 
fometimes ftuck upon a fiat piece of glafs 
A B C D fig, 1 2, fo as to reprefent curve 
lines, flowers, letters, &c. ^nd they are il- 
luminated after the fame manner as the 
fpiral tube; /. e^ by holding the extremity 
C, or B in the hand, and prefenting the other 
extremity to the prime Conduftor, when the 
machine is in motion. 

EXPE- 



OF ELECTRICITY. jir 



Experiment XIV. 



The dancing Bails. 



f . 



Fix a pointed wire upon the prime Con- 
dudlor, with the point outward ; then take 
a glafs tumbler, grafp it with your hands, 
and prefent its infide furface to the point 
of the wire upon the prime Condudtor, 
while the machine is in motion ; the glafs in 
this manner will foon become charged j for 
its infide furface acquires the Eleftricity from 
the point, and its outlide lofes its natural 
quantity of eledric fluid through the hands, 
which ferve as a coating, — ^This done put a 
few pith balls upon the table and cover 
them with this charged glafs tumbler. The 
balls will immediately begin to leap up along 
the fides of the glafs, as reprefented fig. 15, 
Plate II, arid will continue* their motion 
for a confiderable time. 

In this experiment the pith balls are at- 
trafted and repelled by the eledric fluid 
iuperindUced upon the infide furface of the 
glafs, which they gradually conduct to the 

Y table 



^ 
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table or other condufting body upon which 
the glafs is fet ; at the fame time that the 
outward furface of the glafs acquires the 
ele£tric fluid from the contiguous air. 



CHAR 



Ot ELECTRICITY. 313 

CHAR XIIL 

^Further Properties of the Leyden PJbia/y or 

charged EleSlrics^ 



TVi E properties of charged eledrlcs^ 
plain as they may appear at firft fight, 
and conformable to the commonly eftabliflx- 
ed theory of Eledricity, are yetj when at- 
tentively confidered, far from being intirely 
underftood, fo as to require no further expe- 
riments, or leave no doubt in the mind of 
the fpeculative Eledrician, The firft quef- 
tion, that naturally occurs, in confidering a 
cKirged phial, is where does the fuperin- 
duced . eleftric fluid refide ?— Is it lodged in 
the fubftance of the glafs, or in the air con- 
tiguous to the furface of the phial? In the. 
firft cafe, if the ele£tric fluid penetrates a 
certain quantity of the fubftance of the 
glafs, it follows that a glafs plate may be 
given fo thin, that the eledric fluid may 
freely pervade its fubftance** If fuch a 

plate 

♦ I have often blown glafs balls, fo thin that theii 
thicknefs was lefs than one-fix hundredth part of an inch, 

Y 2 and 
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plate can be made, it will be eafy, from thence, 
to determine how far can *the eledtric fluid 
penetrate the fubftance of the glafs, when 
charged in the ufual manner. In the fecond 
cafe, if the eledtric fluid refides in the air 
contiguous to the glafs, it muft repel that air, 
/. €, a glafs bottle fliould contain lefs air when 
charged, than when in its natural ftate ; but 
this is contrary to experience. 

The late Mr. Canton charged feme thin 
glafs balls of about an inch and 'a half in 
diameter, having tubes of about nine inchqs 
in length, and afterwards fealed them her- 
metically. If thefe balls, when they were 
cold, were prefented to an electrometer, they 
fhewed nt> fign of Eleftricity ; but if they 
were kept a little while near the fire, they 
then appeared ftrongly ele£lrical, and pof- 
feiTed of that kind of Eleftricity, with which 
their infide had been charged. Mr. Canton 
difcovered farther, that if thefe balls are 
kept under water, they retain their virtue 

and have always obferved, that they were capable of re- 
ceiving a charge, which they retained tur a confiderabic 
time; if they were not made very hot. 

for 
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for a confiderable time, even for feverai 
years ; but if they are often ufed^ their 
power is foon exhaufted. It is obvious to 
rem ark j that the Eleftricity, which appears 
upon the outfide of thefe balls, when they 
are repdered hot, /. e. when the glafs is 
rendered a Condudor by the heat, is not 
that Electricity, which properly conftitutes 
the charge, but the fuperfluous Ele^icity oi 
their infide*. 

As for the Eledricity, which condituteg 
the charge, it being juft fufiicient to balance 
the contrary Eleftricity of the oppofite fur- 
face of the glafs, it will lofe its power, 
as foon as it is arrived to that furface, 
which In the cafe of the above-^ment^oned 

^ If a charged jar be inrulated, and difcharged with ao 
infulated difcharging rod, after the difcharge both the 
fides of the jar, together with the difcharging rod, will be 
found poflefied of the Elcfiricity contrary to the Ekftriciiy 
€>f that fide of the jar,, which was touched laft before the 
difcharge -, which (hows that one fide of a charged elec- 
tric may contain a greater quantity of Eleftricity than* 
that, whi(:H is fufl^cient to balance the contrary Elec- 
tricity of the oppofite fide*- This* redundant Ele^b'icity 
(hould be carefully confidered in psrfortning expeiiments 
f^ a delV:ate nature. 

^ 3 balls, 
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balls, it adtually reaches, before it can adl 
upon the eledrometcr. 

The moft remarkable phenomena prb- 
duced by charged eleftrics, are exhibited 
with flat plates of glafs, jointly charged, 
like a {ingle coated plate. If two glafs 
plates^ having plain furfaces, be pUced one 
tipon the other, and their outward furfaces 
be coated with tin-^foil, in the ufual manner 
of coating a fingle plate for the Leyden ex-^ 
periment, and then be charged, by prefent- 
ing one coating to the prime Conduftor, 
and communicating the other with the earth, 
the plates (which we fhall call A, and B) 
after having been charged, will adhere very 
firhily to one another, and if feparated, A, 
viz^ that, whofe coating was prefcnted to 
the prime Condudor, will appear pofitive 
on both fides, and B negative on both fides. 
If thefe plates are laid in conta6l as before 
they were charged, and are difcharged by 
making a communication between the two 
coated fides, they will be found ftill to ad- 
here to one another after the difcharge, 
and if feparated,. they will appear fl:ill elec- 
trified, but with this remarkable difi'erence, 
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viz. that now A is negative on both fides, 
and B pofitive on both fides. If thefe 
plates, after being difcharged, be feparated in 
the dark, flaflxes of light are perceivable 
between their internal furfaces. By laying 
the plates together, touching their coatings* 
and feparating them fucceffively, the flafhes 
may be obferved for a confiderable number 
of times, diminifhing by degrees, until they 
quite vanifli. 

Father Begcaria explains thefe and other 
fimilar phenomena of charged, as Well as 
of excited eledrics by the following princi- 
ple, which he diftinguifhes by. tbcfiname of ' 
vindicating EleSiricity. When two bodies, 
either a Condudor, and an electrified ele6lric, 
or two contrarily and equally, eledrified elec- 
trics are joined together, they adhere to each 
other, and their Eledricities difappear; but 
as foon as they are feparated, the eleftrics re- 
cover their Eledlricities*. How far this prin- 
ciple can be of ufe to explain the phenome- 
na of charged glafs, &:c. I will not take 
upon me to determine. It would exceed 

* See Be'ccaria^s Artificial Ejectricity, Part, IL 
fee. VI. Y 4 

too 
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too far the limits of my work, if I were to 
enumerate, and account for all the particu- 
lars. When tbe principle is cxpreffed, the 
ingenious reader may eafily apply k to ex- 
pliain the efFeds. I iha|l only mention an 
otiervation of Mr. Hei^ly relative ^tc> this 
fut>Je£k9 which feeras not conformable to 
Father Becc A RiA*s theory, and with that 
J fhall conclude this part of my work. Says 
Mr.HENL Y in one of his papers prefented to 
the Royal Society, in Which he dcfcribes 

tlia above-mentioned experiments cf the 

» • . ... . ■• . ■ • 

two glafs plates, " Crotra-glafs, that is 
** the glafs commonly ufed for fatih win- 
*' dows, though fo much thinner, fucceeda 
in this experiment as well as the plate- 
glafs ; but what is very remarkable, the 
** Dutch plates, when treated in the fame 
** manner, have each a pofitive and nega- 
** tive furface, and the Eledricitv of both fur- 
*' faces, of both plates, is exchanged for the 
contrary Eledricity in the difcharge. If a 
clean, dry, uncoated plate of looking-glafs 
be placed between the coated looking-glafs 
plates, 'or between' the plates of crown- 
glafs, it appears, ^fter charging, to be ne- 
*' gatively eledrified on both fides j but if it 

^ \ *^bc 
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/* be placed between the Dutch plates, it ac*? 
f* cjuires, like them, a pofitive Eleftricity on 
^' one furface, and a negative Ele<9tricity on 
*' the other.*' 

In another paper, Mr. Henly further 
pbferves, that if the Dutch platea are fepa- 
rated immediately after being charged, they 
will then ad like two plates of k)oking« 
glafs, /, e^ one of them will be pofitive, and 
the other negative on both fides; but if 
a little time be allowed, before the plates be 
ieparated, the experiment will confiantly fuc- 
ceed as above. 



V » • 
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PART IV. 

New Experiments in EleSlricity. 

TH E laws of Elcdtricity, together with 
the experiments neceflary for their 
demonftration, having already been defcribed, 
in as compendious a manner as could be 
done, without obfcurity, I fhall in the laft 
Part of this work relate fuch new experi- 
ments, and obfcrvations, as -I have , made 
during the courfe of about two years, in 
which time I have purfued the Science of 
Eleftricity with a particular view to difco- 
ver, if poffible, the unknown caufe of feveral 
ele£krical phenomena, efpecially thofe reliativc 
to atmofpherical Eledlricity. 

The firft inftrument that I made ufe of, to 
obfervc the Eledlricity of the atmofphere, was 
an eleSrical kite, which I had conftruded, 
not with a view to obferve the Eledricity of 
the air, for this, I thought, was very weak 
and feldom to be obferved ; but as aft inftru- 
ment, which could be occafionally ufed in 

time 
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time of a thunder-ftorm, in order to obfei;vc 
the Eledricity of the clouds. The kite how- 
ever being juft finifhed, together with its 
firing, which contained a brafs wire through 
its whole length, I raifed it the 3 ift of Au^uft 
1775, atfeven of the clock in the afternooiit 
the weather being a little cloudy, ^ and the 
wind juft fufficient for the purpofe. The ex^ 
tremity of the firing being infulated, 1 ap- 
plied my fingers to it, which, contrary to 
my expectation, drew very vivid, and pun- 
gent fparks :,I charged a coatfed phial at the 
firing feveral times ; but I did not then ob- 
ferve the quality of the Electricity, This 
fuccefsful experiment induced me to raife the 
kite very often, and to keep it up, for feveral 
hours together, thinking that if any periodi- 
cal Eledlricity, or any change of its quality 
took place in the atmofphere, it might Very 
probably be difcovered by this inftrument. 
In the following two Chapters I fliall defcribe 
the cQuftruCtion of the electrical kite with its 
appurtenances, and fiiall tranfcribe the mofl: 
remarkabl9 part of my journal, relative to the 
kite, i.e. defcribing fuch experiments 6nly, 
which are more remarkal^le, and do not hap- 
pen very commonly ; for although I have 

ufed 
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ufed my kite, fometimes ten, and more times 
in a week, and at any hour of the . day or 
pight, yet as the greateft part of thofe experi-* 
ments are only of ufe to confirm a few laws 
of atmofphcrical Eled:ricity, I fliall leave their 
particular details and fhall only fubjoin thofb 
f aws at t|ie epd of the fecond chapter 



C«A^ 
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C H A P. I. 

Tie conftruSiion of the eleBrkal Kitv, and other 

Injiruments ufed with it. 

THE firft eledlrical kite, that I con'^ 
ftrufted, was feven feet high, and it 
was made of paper with a flick or ftraiter, 
and a cane bow, like the kites commonly ufedt 
by fchool-boys. On the upper part of the 
ftraiter I fixed an iron fpike, projeding about 
a foot above the kite, which, I then thought, 
was abfolutely neceflary to collet the Elec- 
tricity, and I covered the paper of the kite 
with turpentine, in order to defend it fromi 
the rain. This kite, perfect as I thought it 
to be, in its conftrudlion, and fit for the expe- 
riments, for which it was intended, fooa 
manifefted its imperfedions, and after being 
raifed a few times, it became quite unfit for 
farther ufe; it being fo large, and confe- 
quently heavy, that it could not be ufed, 
except when the wind was ftrong, and thea 
after much trouble in raifing and drawing it 
in, it often received fome damage,' which fbon 
obliged nae to conftrudl other kites upon a 
different plan, in order to afcertain whicK 
s method 
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method would anfwer the beft for my puf-» 
pofe. I gradually leflened their fize, and 
varied their form, till 1 otferved upon trial, 
that a common fchool-boy'a kite, was as 
good an elpftrical kite as mine. In confe- 
quence of which I conftrudted my kites in 
the moft fimple manner, and in nothing dif- 
ferent from the childrens kites, except that I 
covered them with varnifh, or with well 
boiled linfeed dil, in order to defend them 
from the rain, add I covered the back part of 
the ftraiter with tin-foil, which however has 
hot the leaft power to increafe its Eleftricity. 
i alfo furnifh the upper extremity of the 
ftraiter with a flender wire tx)inted, which, in 
time of a thunder-ftorm, may perhaps draw 
the Ele£kricity from the clouds, fome what 
more eflFediually ; but in general, I find, as 
it will appear in the account of the experi- 
ments, that it does not in the leaft afFed the 
Electricity at the ftring. The kites, that I 
generally have ufed, are about four feet high, 
and little above two feet wide. This fize, I 
find, is the moft convenient, becaufe it renders 
them eafy to be managed, and at the fame time 
they can draw a fufficient quantity of ftring. 
As for filk or linen kites, they require a good 
3 deal 
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deal of wind to be raifed, and then they are 
not fo cheap nor fo eafy to be made^ as paper 
kites are. The firing fometimes breaks, and 
the kite is loft, or broken, for which reafon, 
thefe kites (hould be made as cheap and as 
fimple as poffible. 

The firing is the moft material part of this 
apparatus; for the Eledricity produced is 
more or lefs, according as the firing is a bet«- 
ter, or a worfe Conduftor. The firing,, 
whicii I made for my large kite, coniified 
of two threads of common twine twifted 
together with a brafs wire between the firimds. 
This firing feryed very well for two, or three 
trials, but on examination, I foon found that 
the wire in it was broken in many places, and 
it was continually fnapping; the metsillic 
continuation therefore being fo often inteiv 
rupted, the firing became foon fo bad, - that it 
a£ked nothing better than common twine 
without a wire. I attempted to mend it, by 
joining the broken pieces of wire, andxi^ork- 
ing into the twine, another wire, which proved 
a very laborious work j but the remedy »had 
very little efFeft ; the wire breaking again 
after the firft trial, which determined nie to 

adopt 
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adopt cither methods ; and after fei«rai experi-^ 
mentBy I found that the beft ftrin^ was one^ 
which I made by twiftiog a copper thread * 
iTnth two terjr thin threads of twide^ Sir ifig§ 
like, this I have ufed for the greateft part <^ 
my experiments with the kite^ and I find them 
to be exceedingly lifefuU and fit for the piir- 
pofe. Silver or gold thread would dtf much 
better, to twift with the twine, betaufft they 
are much thinner than copper thready afid id 
confequence the ftring would be much lighter ;v 
but at the fiime time it is to be conlidered, that 
gold or filver thread is much deslrer thati 
copper thread. 

I have attempted to render die twine A 
good ConduSor of Elcdricity, by covering it 
with conducting fubilances, as lamp«black^ 
powder of charcoal, very fine emery, and 
other fubftances, mixing them with diluted 
gum-water ; but this method improves the 
ftring very little, and for a very ihort timfe ; 
for the faid oonduiSing fiibftances are footi 

* I niean fiich a thread of copper as a ufed for 9kh« 
mingSj &c. in imitationi of gold threads, which are nothing 
more than filk or linen threads covered with a thin lamina 
of copper*^ 

rubbed 
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rubbed off of the twine. Mf.Nairne inform-. 
ed me, that he had ufcd to foak the firing of 
his dedrifcal kite in a ftrong folution of fait, 
which rendered it a good Conductor, fo f^r 
as it attra<3;ed the moifture of the air. In 
confequence of this information I foaked in 
fait water a long piece of twine, and by raif- 
ing a kite with it, I found that it cpndudled 
the Eledricity" pretty well, but I thought it 
much inferior to the above-defcribed firing 
with the copper thread : befides, the faked 
firing in wet weather not only leaves part of 
the fait upon the hands of the Operator, and 
in confequence renders them unfit Jio manage 
the reft of the apparatus, but it marks a white 
fpot wherever it touches the clothes. 

In raifing the kite .when the weather is very 
cloudy and rainy, in which time there is fear 
of meeting with great quantity of Electricity, 
I generally ufe to hang upon the firing A B 
fig. 8, Plate II, the hook of a chain j C, the. 
other extremity of which falls upon the 
ground. Sometimes I ufe another cautian 
befides, which is to ftand upon an infulating 
fiool ; in which fituation, I think, that if any 
great quantity of Eledricity, fuddenly dif- 

Z charged 
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charged by the clouds, flrikes the kite, it can- 
not! jaffe£l; much my perfon* As to infulated 
raels» Mtd fuch like inftruments, that fome 
gontleman have ufed for to raife the kite, 
without danger of receiving any fhock ; fit 
for the ptorpofe as they may appear to be: in 
theory, they are yet v^ry inconvenient to be 
managed. Except the kite be raifedin time 
of a thunder-ilorm^ there is no great danger 
for the Operator to receive any fliock. Al- 
though I have raifed my eleftrical kite hun- 
dreds of -times without any caution whatever^ 
I haveviCry feldom received a few ex;ceedingly 
flight fhocks in my arms. In time of a 
thunder-ftorm, if the kite has iiot been raifed 
before, 1 would not advife a perfon to raife 
it while the ftormy clouds are jufl overhead ; 
the ikrtgcr in fuch time being very great, 
even with the precautions above mentioned : 
at that time, without raifing the kite, the 
Electricity of the clouds may be obferved by 
a cork ball Electrometer held in the hand in 
an 'Open place, or if it rains, by my electro- 
meter for the rain, which will be defcribed 
hereafter. : 



•. . I 
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WhentlM kite has bccri raifed, I generally 
iittroditcer^lhe ftrirrg through a window iiia 
ioam df the hofife, and faften it' to a ftrbug^ 
filk lace, tKe extreinity of which is gerterally 
tied to a heavy chair in the roditi; In fig. 8y ' 
of Plate ITfi A B reptefeiits part of the ftrittgi '■ 
of the kite, which comes withiii the rcxytttf' 
Creprefent^ the fitk lace; BE, a fmaH prime 
Condudlor, ^hich, by means of k fmall wire, 
is conneded with the ftrrhg of the kite ; and 
F reprefents the quadrant eledtrometef fixed 
tipoti a ftarid of glalfs, covered with fi^Hrig'-t 
wax, which I ufed to put nestr the* pritnef Ooix^ 
diidor, rather than io ftJt it iti a hole tfpori tiief 
Conduiaor, becaufe the ftritig' A B fortietimi^* 
&^tes i:o as to p»H the prime Gondudor 
down, irt t^hich tafe the qqjidrani elefl:rome»^ 
ter remains fafe upon the table, otherwife it 
would be broken, ^s I have often experienced 
before I thought of this method. G repre-^ 
fents a glafs tube abodt eighteen inched lorig^ 
with a knobed wire cemented to its extremity^ 
which hiftrument I tife for to obierve the 
quality of the Electricity, when the Elefitri-* 
tity of the kite is fo ftroflg, that 1 think it 
hot fafe to come very near the ftring. Tlie 

Z 2 method 
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method is as follows I hold the inftrument 
by that extremity of the glafs tube, which 
is the fartheft from the wire, aild?touch the 
ftring of the kite with the knob of its wire, 
which being infulated, acquires a fmall quan- 
tity of Eledricity from it, which is fufEcient 
to afcertain its quality when the knob of the 
inftrument is brought near an eledtrified elec- 
trometer. Sometimes, when I raife the kite 
in the night time, out of the houfe, and 
where I have not the convenience of obferv- 
ing the quality of its Eledricity by the at- 
tradion and repulfion, or even by the appear- 
ance of the eledtric light j I make ufe of a 
coated phial, which I can charge at the ftring, 
and when charged, put into my pocket, 
wherein it will keep charged even for feveral 
hours *. By making ufe of this inftrument, 

I am 



* The conftruiSion of this phial is as follows, Befides 
the coating on the infide and outflde that this phial has, 
like any other of the fame kind, a glafs tube open at both 
ends is cemegtjted into its neck, and proceeds within the 
phial, having a fmall wire fattened to its lower extremity, 
which touches the infide non-ele£tric coating. The wire 
with the knob of this phial is cemented into another glafs 
tube, which is nearly twice as long, and fmaller than the 

' ^' tub« 
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I am obliged to keep the kite up no. longer 
than it is neceffary to charge the phial, in 
order to obferve the quality of the Eledlripity 
in the atmofphere ; for after that the kite has 
been drawn in, and brought home, I can then 
examine the Ele(5iricity of ^^the infide of the, 
phial,- which is the fame as that cf the kite* 



\ • 



When the Eledricity of the kite is very 
ftrong, I fix a chain, communicating with 
the ground, at about fix inches diflance from 
the firing, which may carry off its Eli^ri- 
city, in cafe, that this ihould increafe fo much, 
as to put the byftanders in danger. 



tube cemented into the neck of the phiaU The wire is 
cemented fo, that only its knob proje<5ts out of one end, 
and a fmall length of it out of the other end of the tube. 
If this piece with the wire be held by the middle of the 
glafs tube, it may be put in or out of the tube, which is in 
the neck of the pliial, fo as to touch the fmall wire at the 
lower extremity of it, and that without difcharging the 
phial, if it is charged. I have kept fuch a phial charged 
for fix weeks together, and probably it would keep much 
longer, if it were to be tried. The ingenious young Elec- 
trician may make ufe of fuch a phial for feveral diverting 
purpofes. 
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Befides the above-defcrlbed apparatus, | 
have occafipnally ufed fome other inftru- 
mcnts, which I have often varied, according 
as fome particular experiments required ; but 
as they are of no great confequence, I fhall 
omit to defcribe them. It is only neceflary, 
before I enter into the narration of the princi- 
pal, experiments performed with the kite, to 
give an idea of the ftandard of my quadrant 
ele<9frometer, which may, very probably, (hew 
the faime intenfity of Eledricity under a 
number of degrees different from the other 
inftrument of the fame kind. When the 
kite is flying, and the apparatus is difpofed 
as in fig. 8, of Plate III, I bring, under the 
extremity E of the prime Condudlor, a little 
bran, held upon a tin plate, and obferve, that^ 
when the index of the eledrometer is at ten 
degrees, the prime Conductor begins to attradl 
the bran at the dillance of about three fifths 
of an inch, when the index is at twenty 
degrees, the prime Conductor attracts the bran 
at the diftance of about one inch and a quarter, 
when the index is at thirty degrees, the bran 
begins to be attraft at the diflance of two inches 

and . 
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and one fifth. Thefe diftances vary as the 
weather <:hange8 its degree of drynefsj ^but 
in frofty weather, I obferve them conftantly 
as above^ ;T r 
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CHAP. li. 



Experiments performed with the eleSirical 

Kite. 

t 

SEptemter the 2d, 1775. The weather 
being very cloudy, and aftually rain- 
ing, the kite was "raiTed at eight o'clock 
?• M. with two hundred yards of ftring, 
which had a brafs wire through its whole 
length. The wind was from the fouth and 
very flrong. ^ The Eleftricity at the ftring 
was negative, and juft fufEcient to charge a 
half-pint phial fo as to give a fhock fen- 
fible to the elbows. The kite, after being up 
for about one hour, fell to the ground, 
having its paper, which was not properly 
varniflied, almoft intirely torn off by the 
violence of the wind and the rain. 

September the 14th. The kite was 

raifed with a ftrong north wind at half paft 

three P. M. The Electricity was pofitive, 

and pretty ftrong, the index of the eledro- 

% meter 
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meter being generally about 20^*; The 
weather was rather cold, and very thick 
clouds were gradually approaching the ze- 
nith. The kite was pulled down at half 
paft four P. M. 

N. B, At night the aurora borealis wa* 
very ftrong, and fever^l flafhes .of light^tfi 
ing were feen near the horizon towards the 
north, 

September the 23d. A fmall kite was raifed . 
at half paft ten o'clock in the morning, 
and it was kept up for eleven hours fuc- 
ceffively, viz. till half paft nine P. M. 
The firing, which was only a common 
twine without a wire, was conftantly elec- 
trified pofitively although in a very fmall 
degree. About nine o'clock the Ele£tricity 
appeared ftronger, fo that a fmall phiaU 
charged at the firing, gave a pretty fenfible 
fliock. The weather was very clear, and 

• The index of the ele£h'ometer in general rai fes 
higher or falls lower, according as the kite comes nearer to, 
or goes farther from the zenith ; the length of the ft ring 
remaining the fame* 



warm J 
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ifnrta; butia the night ao aurora borealkt 
XMT' any other eled:rical appear anctc was pcp^ 
ceived> The wind was eaft by £buth, and fo 
.weak that the kite was kept up with great 
difficulty. ' 

Odober the loth, 1775. The weather 
being clear, and the wind blowing ftfong 
firom the fouth weft, the kijte was raifed 
^t eleven o^clock A. M. with ninety yards of 
firing, which had a copper thread twifted in*. 
Th6 wind, during the experiment, increafed 
and decreafed feveral times, and th^ Eleftrl*^ 
city, which was pofitive, as St appeared by 
thfe index of the Eledkrometer, alfo increafed 
and decreafed. At noon the violence of thie 
wind caufed the kite to fall. At haif paft 
four o'clock^ the wind being a little more 
moderate, the kite was raifed again. Tha 
Elpdricity was alfo pofitive, and feemed r»* 
ther ftronger than it had been in the morn-* 
ing^ The weather at this time was cloudy j 
the > clouds appearing much thicker near thq 
iiorizon j than about the zenith. The kit? 

* Such ftring as this wa? ofcdi in sill Uie following c;^- 
perimcnte. 

"was 
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i9ti$'ptill€d)idowii^ at ^half pa(}: fivcf o'^locki 
f^d at' half ^aitcr feveo' was raifed ^againr^ 
pvQry phenomenon Gontihuiflg the famCk^viAt 
leight o'clock, while I was pulling tlie^ fcibe 
in, I infulated the firing when only th&tjf*- 
five yards of it were out, and was fur* 
prifed to find that now the Eleftrieky was 
as fttong as it had been, when all the ^riog 
was out, which was ninety yards long,. >lt 
muft however be remarked that at thi* Itinw 
a few flaihes of lightening were feen jtinofig 
the clouds, which were pretty thjc^wafeftttt 
the horizon. At a quarter paft eley«a 
o- clock, the kite was raifed agaim^ .wjwqk 
*\vas the fourth -time of railing ;it tb*jt 
^y i the weather then being very cleairv and 
fhe wind the fame as in the afteriJNWni 
The Eledricity was very weak, but conftaiati 
ly pofitive. The kite was pulled dow^ f^^ 
having being up a few minutea only, • > ? 

O<3:ober, the i6tlv. At about two P. Mi 
a thick fpg beiiig juft cleared up, the wear* 
ther became ckar, and th/e wind begaa^.'td 
blow from the fouth fouth weft. The kite 
was raifed with one hundred and twenty 
yards of ftring, an4 it was kept up no 

longer 
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longer than a quarter of an hpur. Thq 
Eie£lricity was pofitive and pretty ftrpngj, 
the Index of. the. eledtrometer being about 
iy. At half paft three o'clock the kite 
was raifed again, the weather being very 
little cloudy. At half paft four o^clock the 
clouds became very thick, and in a ihort 

time began to rain, which increafed the Elec- 

'■,'.■•■• • • 

tricity of the kite without changing its qua- 
lity ; the index of the electrometer arriving 
to 20^. The kite was pulled down at five 



o^cIock. 



October the i8th. After having rained a 
great deal in the morning and night before, 
the weather became a little clear in the 
afternoon, the clouds appearing feparated, 
and pretty well defined. The wind was 
weft, and rather ftrong, and the atmofphere 
in a temperate degree of heat. In thefe 
circumftances at three P. M. I raifed my 
eleftrical kite with three hundred and fixty 
feet of firing. After that the end of the 
firing had been infulated, and a leather ball, 
covered with tin-foil, had been hanged to it, 
I tried the power, and quality of the Elec- 
tricity, which appeared to be pofitive and 

pretty 
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pretty ftrong. In a fliort time a fmallclou4 

paffing over, the Eledricity increafed a Hjttle j 

but the cloud being gone, it decreafed, agaia 

to its former degree. The firing of the 

kite was now fattened by the filk lace to 

a poft in the yard of the houfe, wherpio, 

I live, which is fituated near Iflington, and 

I was repeatedly charging two coated phials, 

and giving fhocks with them :;; — while I was 

fo doing, the Eledricity, which w^s ftill 

pofitive, began to decreijife, and in two or 

three minutes time it became fo weak, that 

•■ .J 
it could be hardly perceived with a very 

fenfible cork ball eledrometer, Obferving 
at the fame time that a large and black 
cloud was approaching the zenith (which, no 
doubt, caufed the decreafe of the EIe(3:ricity) 
indicating imminent rain, I introduced the 
end of the firing through a window, iri a ' 
firft floor room, wherein I faftened it by the 
filk lace to an old chair. The quadrant 
eleftrometer was fet upon the fame window, 
and was, by means of a wire, connc£led 
with the firing of the kite. Being now, 
three quarters of an hour after three o'clock, 
the Eledricity was abfolutely unperceiv^ble ; 
however in about three minutes time it be- 
came 
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caiiie again perccivabtf, but nov upm tfriai 
wW'Auttd to be negative; it is* ther^fof^ 
plain: that its topping was nothibg^ mofrf- 
than a change from ppfitive to nt^gativei ' 
tvhich was evidently occafioned bj^^h^ ap-'' 

• r 

praaeh of the cloud, part of which ^3y'thi*• 
time^ had reached the zenith of the iitei 
and the rain alfo had began to fall in largd 
dropQ;-^Thc cloud catne farther &ti j-^-tht? ' 
rain increafed, and the Eledricity kcepifagf 
pace with it, the elcdtrometer foot! arrived 

m 

vto 15^* Seeing now, that the Eledricity 
was pretty ftrong, I began agiin ta charge 
the two coated phials^ and .to give fliocktf 
with them; but the phials tad not beert 
charged above three or four times, before I 
perceived that the index of the eleftrometer 
was arrived to 35^, and was keeping ftilf 
increafing. . The fhocks now being very 
fmart, I defifted from charging the phiaW 
any longer, and confidering the rapid ad-' 
vance of the Eleflricityj thought to take off 
the infulation of the firing, in cafe that if if' 
fhould increafe farther, it might be lilently 
condufted to the earth, without caufing any 
bad accident by being accumuiated fil thc^ 
infulated firing* To cffe&. this, as I had 
I no 



/ 
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no proper apparatus iiear me, : i.itbdught 
to retnoyjQ the filk laccr ackd faftea thefiriag/ 
itfhlf to the chair; accordingly i difengaged« .^ 
the, wire that coniie£ted the elcfbrometcr^ 
with the firing ; laid bold of* the ftriog ; uiiw 
tied it from the (ilk lace, and fattened it tor 
the chair ; but while I efFeded this, which« 
took up lefs than half a minute of tinye^ 
1 received about a dozen, or fifteen very 
ilrong (hocks, which I felt all along my 
arms, in my brecift, and legs; (baking me . 
in.fuch a manner, that I had hardly power 
enough to effeA' my parpofe,,and .towam * 
the people in the room to keep their diftamcew 
As (bon aa I took my bands oS-tXiS' 
ftring, the Ele^icity (in con&quence of the: 
cbgir being a bad Condu^iior) began tofiiap ^ 
between the firing and the (butter of tbe^ 
window, which was the neareft body to it;> 
The fnapping» which were audible at a godi^ 
diflance out of the room, feemed * firft 
ifbchronus with the (hocks, which I had re^ 
cetve^ but in about a min&tief's lime, oftner, 
fo that the people of the houfe compared ;i 
tlieir found to ;thei ratling noife of aja^o 
going v/hen the fly is off. ^ The clood novtn* 
was juft over the kite ; it was black, and 

well 
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well defined^ of almofl a circular form, iti 
diameter appearing to be about 40^; the 
raia was copious but not remarkably heavy. 
As the cloud was , going off, the eledrical 
fnapping began to weaken, and in a ihort time, 
became unaudiable, I went then near the 
firing, and finding the Electricity weak, but 
fiill negative, I infulated it again, thinking 
to keep the kite up fome time longer ; but 
obferving that another larger, and denfer 
cloud was approaching apace towards the 
zenith, and I had then . no proper apparatus 
at hand, to prevent every poflible bad acci- 
dent, refolved to pull the kite in ; accord- 
ingly a gentleman, who was by me, began 
pulling it in, while I was winding up the 
firing. The cloud was now very nearly 
over the kite, and the gentleman, who was 
pulling in the firing, told me, that he had 
received one or two flight fhocks in his 
arms, and that if he were to feel one more, 
he would certainly let the fbing go, upon 
which I laid hold of the firing and^ pulled 
the kite in as faft as I could, without any 
farther obfervation ; being then ten minutes 
after four o'clock. 

N,B. 
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N. B. There was neither thutt(Jef ot 
lightening perceived that day, nor indeted for 
fome days before pr afterwards. 

November the 8th, 1775. The Wind 
beuig north weft, and juft fufiicient, the 
kke was raifed at three quarters paft eleven 
A. M, with one hundred and twenty yards 
of ftring. The Eleftricity was pofttive and 
weak ; the weather being cloudy. At noon 
the clouds grew thicker, and the Eiedkrtcitjr 
quite vaniftied; however in a few feconds 
it returned, and from this time it evidently 
kept increafing and decreafing, according as 
the clouds became thinner or thicker. At 
forty minutes after one o'clock the Eleftricity 
vanifhed again ; a thick cloud then covering 
almoft the whole hemifphere; but as a 
little rain began to fall, the Eledricity re- 
turned, and it was ftill pofitive. At three 
quarters paft three o'clock the clouds began 
to grow thin, and the Eledlricity increafed a 
little ; but at this time I was obliged to pull 
the kite in. The index of the cleAromcter 
in this experiment feldom arrived to 6^. ' 

A a No- 
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November the i6th. The weather being 
very clear and frofty, the kite was raifed at 
a quarter paft ten A, M. with one hun- 
dred and twenty yards of firing. The Elec- 
tricity was pofitive and pretty ftrong, the 
index of the eledrometer going from 9° to 
15^, raifing as the wind blew ftronger, and 
the kite was more elevated, and vife verfa. 
At a quarter paft three o*clock the wind, 
which was north north weft, intirely failing, 
the kite fell. 

November the 17th. The weather being 
exceedingly damp, and the fog fo denfe, 
that the houfes at about a quarter of a mile 
diftance could not be diftinguiflied, the kite 
was raifed at two ?• M. with one hundred 
and ten yards of ftring, while it was rain- 
ing, but very little. The Eledtricity was 
pofitive, and fo weak that the cork balls of 
an electrometer diverged about three quarters 
of an inch. The wind being very violent 
I was obliged to pull the kitfe in, after having 
been up for about five minutes. 

Dc- 
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December the 5th. 1775. The weather 
being equally cloudy, and the wind weft 
by north, and hardly fufficient, the kite was 
raifed at a quarter paft three P* M. with 
one hundred and twenty yards of firing. 
The Eledricity was pofitive and fo weak, as 
to caufe the cork balls of an cleftrometer to 
diverge about an inch. At a little after 
four o'clock the kite was pulled in ; and 
at eight o'clock in the evening it was 
raifed again. At this time the Eleftricity 
was much ftronger than in the after- 
noon, but conftantly pofitive. The weather 
clearing up, the clouds were driven away 
by the wind, which was now a little 
'ftronger than in the afternoon. At forty 
minutes after eight o'clock the Iky was 
clear, the moon and ftars appearing very 
bright ; except that a few thin clouds 
were yet to be feen near the horizon. 
The index of the eledlrometer was now 
going from 15® to 20^. At ten mi- 
nutes after nine o'clock the kite was drawn 
in. 

A a a N. B. 
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N, B. No aurora borealis was to be feen, 

Decembfer the abth. The weather being 
clbudy and hazy, the kite was raifed at 
thfee quarters after ten otlock A. M. wkh 
one hundred and forty yards of ftririg. 
# The Eleftricity was pofitive and pret- 
ty ftrotig, the index of the eleftrometer ^ 
going from 16^ to 21^. , At half paft 
one, P. M. the weather growing a little 
clearer, I pulled the kite down, and after 
having interpofed a filk ribband between 
its loop and the extremity of the ftring, 
{0 as to infulate the kite, I raifed it 
again with the fame length of ftring, and 
after I had infulated the lower extremitjr of 
the ftring, I obferved that the intenfity of 
the Electricity, as it appeared by the index 
of the eleftrometer, was, as nearly as couki 
be determined, the fame as before, /. e. when 
the kite was not infulated with refpeft to the 
ftring. 

% 

At two o'clock P. M. I pulled the kite 

down, and found upon obfervation, that the 

tilk ribband had contraded no moifture» fo 

4 • that 
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that the kite was perfedlly infulated by it.- 
Thk experiment of infulating the kite I 
have often repeated at other times, and 
haye always met with the fame fuccefs ; hence 
it appears, that it is the firing and not the 
kite, which in general colleds the Elediricity 
from the air. The kite therefore in ge- 
neral is only ufeful to extend the firing high 
into the open air. 

January the 4th, 1776. The frofl hav- 
ing been very hard during the day an4 
night before ; the wind began to blow very 
flrong from the fouth at two o'clock A. M, 
which occafioned a fudden thaw and a co« 
pious rain. At eight o'clock A. M. in which 
time the kite was raifed, the hemifphere 
appeared like a uniform dark canopy, under 
which feveral fmall, irregular, and darker 
clouds were running very fafl; the rain 
was conflant, but not remarkably heavy. 
As foon as the firing of the kite was in- 
fulated, the Electricity, which was negative, 
began to fnap from it, to the fhutter of the 
window and other bodies near ; the index 
of the ele£lrometer arrived to 40^. and it 
would haye certainly gone farther, if the ap- 

A a 3 paratus 
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paratus had been drier ; but the air was fo 
damp» that it was almoft impoffible to keep 
any part of the apparatus fufEciently free 
from moifture. The Eleftricity however, 
gradually decreafed, fo that at ten o'clock 
A. M. at which time the kite was pulled in, 
the index of the eleftrometer was at a lit- 
tle above 12^. The coated phials in this 
experiment were charged furprifingly quick; 
three' or four feconds of time being fufE- 
cient to charge two half-pint phials com- 
pletely. 

January the i ith. The ground was covered 
with ice and fnow, and the atmofphere was 
fo hazy, that the houfes at a mile diftance 
could not be perceived. The wind was fouth 
caft by fouth, and juft fufEcient to raife the 
kite, which was raifed at three o'clock P. M. 
with one hundred and twenty-four yards 
of firing, and kept up till half an hour 
after midnight. When the kite was firft 
raifed it began to thaw, but as foon as 
it was dark it began to freeze again very 
hard. The Electricity was pofitive, and 
pretty ftrong, the index of the eledrometcr 
being about 13^, At half paft four o'clock 
4 I let 
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I let out thirty-four yards more of firing, 
fb that all the firing the kite now had, 
was one hundred and ' fifty-eight yards. 
With this addition of firing the Eledricity 
increafed, fo that the index of the ele(3To- 
meter arrived to 17^. At half after five 
o'clock the wind began to increafe, and the 
Electricity to decreafe, until the index of 
the eledrometer arrived to 6^. At three 
quarters paft fix o'clock the index of the 
eledlrometer was about 13^, and at feven 
o'clock it arrived to 20^ ; the wind being now 
quite eafl. At one quarter pafl feven o'clock 
the index of the eledrometer was about 25^. 
From this time the wind and the Eleftricity 
began both to decreafe, fo that at niae 
o'clock the index of the eledrometer was 

about 10^. At eleven o'clock the wind in- 

• ■ • > 

creafed. At twelve o'clock the wind was 
very flrong, and the index of the elec- 
trometer was about 6^. At half pafl twelve 
o'clock the index of the electrometer was 
between 3^, ^nd 4^; but the wind being 
grown very violent, the firing broke very 
near the window, and was lofl with the 
kite, 

A a 4 N. B. 
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N. B. A few minutes after the kite was 
loft, it began to fnow copioufly. 

January the 26th. The froft being very 
intenfe as it had been for about three weeks, 
and adually fnowing, I raifed the kite with 
feventy yards of firing ; but before the 
firing was infulated it ceafed to fnow and 
the weather began to clear up, and foon 
became very ferene. The Eleftricity was 
pofitive, and very ftrong, the index of the 
eledrometer being about 32^. At eleven 
o'clock the firing broke, and the kite fell, 
after having been up for above three quarters 
of an hour. 

February the 17th, 1776. The weather 
being cloudy, rainy, and fo hazy, that the 
houfes at half a mile diftance could not be 
difcerned, the kite was raifed at three quar-» 
ters paft eleven o'clock A. M. with one 
hundred and feventy- five yards of firing. 
The wind was pretty firong ; the Ele(Slricity 
was negative, and alfo ftrong, the index of 
the eledrometer being about 20^. In about 
five minutes time the . raia ceafed, the wind 

weakenedj 
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weakened, and fhifted a little towards the 
foutfr, and the Eledricity changed from ne- 
gative to pofitive. The index of the elec- 
trometer was now about 15^. In two or 
three minutes time it began to rain again, 
and continued fo for the greateft part of that 
day ; the wind became very weak, and the 
Eleftricity changed again from pofitive to 
negative, and continued fo till half an hour 
after noon, at which time the wind be- 
came fo weak, that I was obliged to pull the 
kite in. 

February the 19th. The iky being full 
of pretty well defined clouds, and the wind 
weft north weft, the kite was raifed at half 
paft three o'clock P. M. with one hundred 
and feventy-five yards of ftring. The Elec- 
tricity was pofitive and ftrong, the index of 
the eleftrometer going from 10^ to 20^. 
At three quarters paft three o'clock a denfe 
cloud paffed over the kite, which occafioned 
the index of the eledrometer to defcend to 
4^. As the cloud went away, the elec- 
trometer elevated its index. At four o'clock 
the j^ite was pulled dowPt 

April 
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April the 8th, 1776. The weather was 
clear and the northern light very ftrong. 
The kite was raifed for a few minutes at 
nine o'clock P. M. with one hundred and 
feventy-five yards of firing ; the wind being 
north north weft and pretty ftrong. The Elec- 
tricity was pofitive, and, as I could judge, the 
index of the eledrometer would have arrived 
to 15^. 

May the 15th, 1776. The weather being 
cloudy, and the wind north; the kite was raifed 
at three o'clock P. M. with one hundred 
and feventy yards of ftring. The Electri- 
city was at firft exceedingly weak, and, as 
I imagine, (for I had not time to examine 
it) pofitive. But a denfe cloud pafling over 
the kite, the Eleftricity vaniftied, and as a 
few drops of rain fell, a very weak nega- 
tive Eleftricity appeared, which foon in- 
creafed, fo as to caufe the index of the 
eleftrometer to arrive to 15^. The rain 
however, in a few minutes, ceafed, and 
the Electricity gradually decreafed and va- 
niflied. A very weak pofitive Electricity im- 
mediately took place j but as another denfer 

cloud 
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cloud pafled over, and a few very fmall drops 
of rain fell, the pofitive Eledtricity vaniflied, 
and the negative took place. The cloud and 
rain foon went off, and the Eleflricity became 
again pofitive, and continued fo till the kite 
was pulled down. According as the clouds, 
which pafled continually over the kite, were 
thinner or thicker, fo the Electricity was 
more or lefs intenfe, fometimes caufing 
the index of the electrometer to arrive to 
5^, and at other times being fcarce per- 
ceiveable with the cork ball electrome- 
ter. At five o'clock the kite was pulled 
in ; the weather being then pretty clear, 
and the index of the eleCtrometer at 3^. 
The wind, during this experiment, was 
ftronger or weaker according as the clouds 
which pafled over were thicker or thinner. 
At half pafl: feven o'clock in the evening of 
the fame* day, the kite was raifed again, with 
the fame length of firing, the wind being 
then rather fl:rong, and the weather pretty 
clear. The EleCtricity was pofitive, and 
the index of the eleCtrometer fl:ood at 10^; 
but as feme clouds came fiom the north, 
the Eleftricity began to decreafe, and by 
eight o'clock, it jufl: feparated the balls of an 

eleCtro- 
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cleftrometer, the temifphere being then 
intircly covered by clouds. At half paft 
cighr o*cla fc the kite was pulled down, the 
douds over the kite being thea very thin, 
and the index o£ the ek^rometer at 5^. 

June the 4th, 1776. The weather being 
cloudy and the wind on the fouth fouth weft, 
the kite was raifed at one o'clock P. M. with 
one hundred and feventy yards of ftring. 
The Electricity was pofitive, and the index, 
went from i^ to 7^. At three quarters paft 
one o'clock the clouds began to be d'lfiipatcd, 
and the Eledricity increafed a little. At two 
o'clock the kite was pulled in. 

June the 1 7th. The weather being cloudy, 
and the wind fouth weft, the kite was raifed 
at five o'clock P. M. with one hundred and 
feventy yards of ftring. The Ele<3:ricity was- 
poiltive, and the index of the eleftrometer 
went from lo^ to j6^. In this experiment, 
the clouds, whether thicker or thinner, feemed . 
to have no efFed upon the Eledricity of the 
kite. At a quarter paft fix o'clock the kite 
was pulled in. 

. June 
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June the 20th. The weather bemg cloudy 
and the wind eail, and jufl: fufficient, the 
kite was raifed at three quarters pscft three 
P, M* with one hundred and feventy yards 
of firing. The Eleftricity was pofitivie, and 
the index of the cleftrometer flood ab<Mft 
8*°. At five o'clock the weathef began to 
clear up, and the Eledricity to incrcafe, 
fo thit in half an hour's time the index 
of the eledrometer arrived to 17^; and 
at fix o'clock it ftood at 25^. But the wind 
fuddenly falling about this time^ the kite 
fell. 

January the 8th, 1777. The weather being 
frofty and clear, and the wind north, and 
pretty ftrong, the kite was raifed at four 
o'clock P. M. with one hundred and feventy 
yards of firing. The Eleftricity was pofitive 
and ftrong, the index of the eleftrometer 
being at 36^^ Thie fpark taken from the 
fmall prime Gondudior, was remarkably 
pungent in this experiment; although it 
was hardly a quarter of an inch long. At 
a quarter paft five o'clock the kite was pulled 
in. 

General 
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General Lawsj deduced, from the Experiments 
performed with the eleSlrical Kites. 

I. The air appears to be eleftrified at all 
times ; its Ele£tricity is conftantly pofitivet 
and much ftronger in frofty, than in warm 
weather*; but it is by no means lefs in the 
night, than in the day-time f. 

II. The prefence of the clouds generally 
leflens the Eledricity of the kite ; fometimes 
it has no efFed upon it ; and it is very feldom 
that it increafes it a little. 



* My obfervations upon the Eleftricity of the atmof« 
phere, have been made in almoft every degree of tempe- 
rature, from 15^ to 80^ of Farenheit's Thermo- 
meter. 

t In all my experioients it happened only once, that 
the ftring of the kite gave no figns of Eleftricity ; it 
was one afternoon, when the weather was warm, and the 
wind fo weak that the kite was raifed with difficulty, and 
could hardly be kept up for a few minutes ; in the evening 
however, the wind, which in the day-time had been north 
weft, fhifted to the north eaft, blowing a little ftronger, 
I then raifed the kite again, being half paft ten o'clock, 
and obtained, as ufual, a pretty ftrong pofitive Eleftri- 
city. 

IIL When 
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III. When it rains, the Eledricity of the 
kite is generally negative, and very feldom 
pofitive. 

IV. The aurora borealis feems not to affeCt 
the Eledricity of the kite. 



.A( 



V. Trie eledtrical fpark taken from the firing 
of the kite, or from any infulated Condudor 
connected with it, efpecially when it does not 
rain, is very feldom longer than a quarter of 
an inch, but it is exceedingly pungent. 
When the index of the eledrometer is not 
higher than 20^, the perfon that takes the 
fpark, will feel the eflFedt of it in his legs ; 
it appearing more like the difcharge of an 
. eledbric jar, than the fpark taken from the 
prime Condudor of an eledrical machine. 

VI. The Eleftricity of the kite is, in gene- 
ral ilronger or weaker, according as the firing 
is longer or fliorter, but it does not keep 
any exadt proportion to it ; the Ele<aricity, 
for inftance, brought down by a firing of 
a hundred yards, may raife the inde;K: 
of the eledrometer to 20% when with 

double 
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double that length of ftring; the index of the 
«le<3x)ometer wiU not go higher than 25^. 

VII. When the weather is damp, and the 
Eledlricity is pretty ftrong, the index of the 
•cledlrometer, after taking a fpark from the 
firing, or prefenting the knob of a coated 
phial to it, rifes furprifmgly quick to j|8 ufual 
place ; but in dry and warm weather, it rifes 
exceedingly flow, 

Thefe few laws are in Ihort the dedudlion 
of all my experiments performed with the 
kites, during the courfe of about two years. 
How far they may be of ufe, or may coincide 
with the obfervations of other experimenta- 
tors, I will not pretend to fay. My expe- 
riments have been performed at Iflington, and 
perhaps the refult of fimilar ones may be 
different at other places, efpecially under 
different climates ; I wifh, therefore, that 
they may Ije accurately repeated in other 
places, and their refult may be compared 
together, in order to determine, if poffible, 
fomethinj; fatisfadtory, Telative to the caufe 

of 
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of that perpetual Electricity, which exifts in 
the atmofphere, and which, very probably, 
occafions the Eledricity of the clouds. . 



Bb CHAP, 
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CHAP. III. 

> I 

Experiments performed with the Atmofpherical 
EleSirometery and the EleSirometer for the 
Rain. 

FIG. I, of Plate III, reprefents a very 
fimple inftrument, which I have con- 
trive^ for the purpofe of making obferva- 
tions on the Electricity of the atmofphere, 
and which on feveral accounts feems to 
be the moft ufeful for that purpofe. 
A B is a common jointed fifliing-rod without 
the laft, or fmalleft joint. From the ex- 
tremity of this rod proceeds a flender glafs 
tube C, covered with fealing-wax, and 
having a cork D, at its end, from which a 
pith ball eledrometer is fufpended. H G I 
is a piece of twine fattened to the other 
extremity of the rod, and fupported at G 
by a fmall firing F G. At the end I of the 
twine, a pin is fattened, which, when pufhed 
into the cork D, renders the eledrometer E 
uninfulated. / 

Whea 
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When I would obferve the Eledriclty of 
the atmofphere with this inftrument, I thruft 
the pin I, into the cork D, and holding the 
rod by its lower end A, project it oiit from 
a window in the upper part of the houfe, 
into the. air, raifing the end of the rod 
with the eleftrometer, fo as to make an 
angle of about 50° or 60^ with the ho- 
rizon. In this fituation I keep the inftru- 
ment for a few feconds, and then pulling 
the twine at H, I difengage the pin from, 
the cork D, which operation caufes the ftring 
to drop in the dotted fituation K L, and 
leaves the eleftrometer infulated, and elec- 
trified, with an Ele6lricity contrary to that 
of the atmofphere. — This done I draw the 
inftrument into the room, and examine the 
quality of the Electricity, without obftruftion 

either from wind, or darknefs. 

» 

With this inftrument I have made ob- 
fervations on the Eledricity of the atmof- 
phere, feveral times in a day for feveral 
months, and from them I have deduced 
the following general, obfcrvations, which 

B b 2 feena 
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feem to ccnncide with thofe made with the 
ele^brical kites. 

I. That there i^ in the ^tmofphere at all 
times a quantity of Eledtriqity ; for, whcn-^ 
eyer I ufe the above-defqribed iafifument, it 
always acquires fome Electricity. 

n. That the Eledricity of the atmofpherc, 
or fogs, is always of the fame kin4 ; namely, 
pofitive J for the eleftrometer is always ne- 
gative, except when it is evidently influenced 
by heavy clouds near the zenith ; as it 
appears by the obfervations made the 1 9th 
of Odobcr in the following fpecimen of the 
journaj. 

III. That in general the ftrongeft Eledri- 
city is obfcrvable in thick fogs, and alfo in 
frofty weather ; and the weakeft, wJien it is 
cloudy, warm, and very near raining : but 
it does not feem to be lefs by night, than in 
the day. 

IV. That in a more elevated place the 
Eledricity is ftronger than in a lower one ; 
for having tried the atmofphericaheledrome- 

ter 
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tcr both ia the ftone, and iron gallery on the 
cupula of St. Paul's Cathedral, I found that 
the balls diverged much more in the latter, 
than in the former lefs elevated place ; hence 
it appears, that, if this rule takes place at 
any diftance from the earth, the Eleftricity 
in the upper regions of the atmofphere muft 
be exceedingly ftrong. 
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The eledtrometer for the rain, in princi- 
ple, is nothing more than an infulated in- 
ftrument to catch the rain, and by a pith 
ball eleftrometer to fhew the quantity and 
quality of its Eledricity. 

Fig. 2, of Plate III, reprefents an inftru- 
xnent of this kind, which I have frequently 
ufed, and after feveral obfervations, have 
found to anfwer very well. A B C I is. a 
ftrong glafs tube about two feet and a half 
long, having a tin funnel D E cemented 
to its extremity, which funnel defends part 
of the tube from the rain. The outfide fur- 
face of the tube from A to B is covered 
with fealing-wax ; fo alfo is the part of it 
which is covered by the funnel. F D is a 
piece of cane, round which fdveral brafs 
wires are twilled in different dire<Sions, fo 
as to catch the rain eafily, and at the fame 
time to make no refiftance to the wind. 
This piece of cane is fixed into the tube, 
and a (lender wire proceeding from it, goes 
through the bore of the tube, and commu- 
nicates with the flrong wire A G, which is 
thrufl into a piece of cork fattened to the 

B b 4 ead 
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end A of the tube. The end G of the .wire 
AG, is formed in a ring, from which I 
fufpend a more or- lefs fenfible pith ball elec*' 
trometer, as occafion requires. 

This inftrument is faflened to_ die fide 
of the window frame^ where it is fupported 
fay ftrong brafs hooks at C 6, which part of 
the tube is covered with a filk lace, in order 
to adapt it better to the hooks. The part 
F C is out of the window, with the end F 
a little elevated above the horizon. The re- 
maining part of the inftrument comes through 
a hole in one of the lights of the fa(h, within 
the room, and no more of it touches the fide 
of the window, than the part C B. 

When it rains, efpecially in pafling fhow- 
ers, this inftrument, ftanding in the fituation 
above defcribed, is frequently electrified, and 
by the diverging of the eledrometer, the 
quantity and quality of the Eledricity of 
the rain may be obferved, without any 
danger of a miftake. With this inftrument 
I have obferved that the rain \% generally, 
though, not always, electrified negatively, 
and fometimes fo ftrongly, that I bftve been 

able 
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able to charge a fmall coated phial at the wire 
AG. 

This inflrument fhould be fixed in fuch 
a manner, that it may be eafily taken off 
firom the window,, and replaced again^ a« 
occafion requires ; for it will be neceffary to 
clean it very often, particularly wheQ a fhower 
of rain is approaching. 

I fhall conclude this chapter with the de- 
icription of a pocket eleftrometer fig. 5 
and 6, of Plate III, that I have lately con*- 
ftru£ted, and which on feveral accounts feems 
preferable to thofe of the moft fenfible fort 
now in ufe. The cafe, or handle, of this 
eleftrometer is formed by a glafs tube about 
three inches long, and three tenths of an 
inch in diameter, half of which is covered 
with fealing-wax. From one extremity of 
this tube, /• e. that, without fealing-wax, a 
fmall loop of filk proceeds, which ferves 
occafionaHy to hang the eledlrometer on a 
pin, &c. To the other extremity of the 
tube, a cork is adapted, which, being cut 
tapering on both ends, can fit the mouth of 
the tube with cither end. From one 
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extremity of this cork, two linen threads 
proceed, a little fhorter than the length of 
the tube, fufpending each a little cone of pith 
of elder. When this eledtrometer is to be 
ufed, that end of the cork, which is oppo- 
fite to the threads, is pufhed into the mouth 
of the tube ; then the tube forms the in- 
fulated kandle of the pith eledlrometer as 
reprefented fig. 6, Plate III. But when 
the eleftrometer is to be carried in the^ 
pocket, then the threads are put into the 
tube, and the cork ftops it, as reprefent- 
ed fig. 5. The peculiar advantages of this 
electrometer, are, its convenient fmall fize, 
its great fenfibility, and its continuing 
longer in good order than any other I have 
yet feen. 

Fig. 4, of Plate III, reprefents a cafe to 
carry the above-defcribed eleftrometer in. 
This cafe is like a common tooth-pick cafe, 
except that it has a piece of amber fixed on 
one extremity A, which may occafionally 
ferve to eleftrify the eleftrometer negatively, 
and on the other extremity it has a piece of 
ivory faftened upon a piece of amber B C. 
This amber B C ferves only to infulate the 

. ivory, 
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ivory, which, when infulated, and rubbed 
againft woollen cloths, acquires a pofitive 
Eledricity, and it is therefore ufeful to elec- 
trify the eledromcter pofitivcly. 



CHAP. 
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C H A ?. IV. 

Experiments made iDttb the Elediropbortts^ com^ 
monly called a Machine for exhibiting ^r- 
fetual EkSiricity. 

IN fig. 9, of Plate III, there are reprefent- 
ed fome Plates, commonly called, the 
Machine for exhibiting perpetual Eledlricity, 
or the EleSiropborus. This machine confiils 
of two plates, one of which B, is a circular 
glafs plate covered on one fide with fome 
fulphureous or refinous eledtric, moft com- 
monly with a compofition made of equal parts 
of rofin, fhelMac, and fulphur; the other 
plate A, is a brafs plate, or a board covered 
with tin-foil, which is nearly of the fame 
dimenfions as the eledric plate, and it is 
furniflxed with a glafs handle I, which, by 
means of a brafs or wooden focket, is fcrewed 
into its center. This machine is the in- 
vention of an Italian philofopher {Mr, 
Volt A of Como), and its ufe is the fol* 
lowing. 

Firft, 
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f kft» ^ pl»te B iai eitritcd, by rubbing 
it« <^^ Me with a piece. of new wbite 
fl49p^9 w4 wl^en esKcited as much ae poSlUi!, 
is fet upon the taMe with the coated fide up>* 
permoft ] fecondly, the metal plate ia laid 
iipon thfi excited eleCtriC) as reprefentod in 
the figure ; thirdly, the metal plate i« touched 
with the finger or any other Condu<9xMv 
whichf on touching the plate» receives a^ fpark 
from it« Laftly, the metal plate A« bein^ 
held by the extremity of its glafs handle F« 
is feparated from the electric plate, and« after 
it is elevated above that plate, it will be found 
ftrongly ele^rified with an Eledricity con- 
trary to that of the eledric plate, in which cafe 
it will give a very ftrong fpark to any Con^ 
duftor brought near it. By fetting thp 
metal upon the ele^ric plate, touching it 
with the finger, and feparating it fucceifivelyt 
a great number of fparks may be obtained 
apparently of the fame firength^ and 
that without exciting again the ele^ric 
plate. If thefe fparks are repeatedly givoi 
to the knob of a coated phiali this will pre* 
iently become charged. 

The 



S82 A COMPLETE rREATIISE 

The action of thefe plates depends upon a 
principle long ago difcovered, viz. the power 
that an excited eledric has to induce a con- 
traiy Eledlricity in a body brought within its 
Iphere of adion ; the ihetal plate therefore, 
when fet upon the excited eleftrie, acquires 
a contrary Electricity by giving its eledric 
fluid to the hand, or other G)ndu£l:or that 
touches it, when fet upon a plate poiitively 
eledtrified, or acquiring an additional qiiantity 
of fluid from the hand, &c. when fet upon 
a plate eledrified negatively. 

As to the continuance of the virtue of this 
eledric plate, when once excited without 
repeating the excitation, I think, there is not 
the leaft foundation for believing it perpetual, 
as fome gentlemen have fuppofed ; it being 
nothing more than an excited eledtric, it muft 
gradually lofe its' power by imparting con- 
tinually fome of its Ele<firicity to the air, or 
other fubftances contiguous to it. Indeed 
its Eledricity, although it could never be 
proved to be perpetual, by experiments, lafts 
a very long time, it having been obferved to 
be pretty ftrong feveral days, and even weeks 
4 after 
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srfter excitation. The great duration of the 
Eledlricity of this plate, I think, depends 
upon two caufes : firft, becaufe it does riot 
lofe any JpHeftricity by the operation of put- 
ting the metal plate upon it, &c. and fecondr 
ly, becaufe of its flat figure, which expofes 
it to a Icfs quantity of air in comparifon with 
i ftick of fealing-wax, or the like, which 
being cylindrical, expofes its furface to a 
greater quantity of air, which is continually 
robbing the excited electrics of their virtue. . 



The firft experiments that I made, relative': 
to this machine, were with a view to 
difcover which fubftance would anfwer 
beft for coating the glafs plate, in order to 
produce the greateft effedt. I tried feveral 
fubftances either fimple or mixed, and at laft 
I obferved, that the ftrongeft in power, as 
well as the eafieft, I could conftru£l, werfe thofe 
made with the fecond fort of fealing-wft« *,» 

fpread 



\ I 






* It is remarkable that fbmetimes they will not %8t well 
at firfl, but they may be rendered very good by fcraping, 
with the edge of a knife the (hining, or glofly furface of 
the wax. This feems analogous to the well -known pro- 
perty of glafs, which is, that new cylinders or globes,' 

made 
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fpread upon a tliick plate of glafs^: A 
plate that I made after this- manner, and na 
more than fix: inches in diameter, when onoe 
excited, could charge a coated phial federal 
times fucceffively, fo ftrong as to pierce a hole 
through a card with the difcharge. Some<« 
times the metal plate, when feparated from it, 
was fo ftrbngly elefkrified, that it darted 
ftrong flafhes to the table, upon which the 
ele£tric plate was laid, and even into the air, 
befides caufmg the fenfation of the fpider's 
web upon the face brought near it, like an 
dedric ftrongly e!scited. The power of fome 
of my plates is fo ftrong that fotnetimes the 
eledric plate adheres to the metal, when this 
is lifted up, nor will they feparate even if the 
metal plate is touched with the fingek*, or 
other G)ndu£l:or. 



made for electrical purpofes, are often very bad eledrics at 
firft, but that t&ey improve by being worked, /• $. by hav« 
ing their fiirface a little worn. Paper alfo has this pro- 
perty. 

* I have lately feen fome of thofe plates conftruded by 
Mr. G. Adams, which afted exceedingly well ; and 
they were made With a compofition of two parts of fiielK 
lac, and one part of Venice turpentme^ witbootany glafs 
plate. 

4 If, 
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If, after having excited the feallng-wax, 
I lay the plate with the wax upon the table, 
and the glafs upper moilv /. e. contrary to the 
common method, then, on making the ufual 
experiment of putting the metal plate on it, 
and taking the fpark, &c. I obferve It to be 
attended with the contrary, Eledrlcity, that 
is, if I lay the metal plate upon the eledric 
one, and while in that fituation, touch it with 
an infulated body, that body acquires the 
pofitive Electricity, and the metallic, removed 
froqpi the eledlric plate, appears to bei negative ; 
whereas it would become pofitive, if. laid 
upon, the excited wax. This experiment, I 
find, anfwers in the fame manner, if an 
eledtric plate is ufed, which has the fealing- 
wax coating on both fides, or one of Mr. 
Adams's, which has no glafs plate. 

If the brafs plate after being feparate4 
from, be prefented with the edge toward the 
wax, lightly touching it, and thus be drawn 
over its furface, I fin4 that the Eledricity of 
the metal is abforbed by the fealing-wax, 
and thus the electric plate lofes part of its 
power ; and if this operajuon is repeated £vc 

C c or 
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cr fix times, the ele£tric plate lofes its power 
intirely, fo that a new excitation is neceffary 
in order to revive it. 

If, inftead of laying the eledlric plate upon 
the table, it is placed upon an eledtric ftand, 
fo as to be accurately infulated, then the 
metal plate fet on it, acquires fo little 
■ Eledricity, that it can only be difcovered 
with an eledrometer ; which ihows, that the 
Ele£l:ricity of this plate will not be confpicu- 
ous on one fide of it, if the oppofite fide is 
not at liberty either to part with, or acquire 
more of the eleftric fluid. In confequence 
of this experiment, and in order to afcertain 
how the oppofite fides of the eledlric plate 
would be afFeded in different circumftances, 
I made the following experiments. 

Upon an elc6tric fland E fig. 9, Plate III, 
I placed a circular tin plate, nearly fix inches 
in diameter, which by a flender wire H com- 
municated with an eledrometer of pith balls 
G, which was alfo infulated upon the eledric 
ftand F. I then placed the excited eledlric 
plate D of fix inches and a quarter in diame- 
ter, upon the tin plate, with the wax upper- 

moft, 
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moft, and on removing my hand from it, 
the eleftrometer G, which Communicated 
with the tin platd, /. e. with the under fide of 
the eledric platen immediately opened with 
negative Electricity. If, by touching thfe 
feledfarometer, I took that Eleftricity oflF, thfe 
eledrometer did not afterwards divergfe. But 
if now* or when the electrometer diterged^ 
I prefehted my hand open, or any dther unifi- 
fulated Condu6tbr at the diftance of about ond 
or two inches, crver the eleftric plate, without 
. touching itj then the pith balls diverged, or 
if they diverged before, came together^ and 
immediately diverged again with pofitive 
Eledlricity ;— ^I removed the haiid, attd the 
balls came together j-^approached the hatpdji 
and they diverged j and fo on. 

If while the pith balls diverged v^ith rie-^^ 
gative Eledricity, I kid the metal plate, hold- 
ing it by the extremity K. of its g|kft handle, 
upon the wax, the balh cainei fof a little 
time, towards one another, but foori opened 
again with the famej u f. negative £}e<3;ri^ 
cityj 

602 ii? 
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If whilft the metallic reded upon the elec* 
trie plate, I torched the forjpier, the elec- 
trometer immediately diverged with pofitive 
Eledxicity^ which if, by touching the eledbro- 
meter, I took off, the eledrometer continued 
without divergence.— I touched the metal 
plate again, and the eledrometer opened agsun ; 
and fo on for a coniiderable number of 
times ; until the metal plate had acquired its 
full charge. On taking now the metal plate 
up, the eledrometer G infbintly diverged with 
firong negative Eledtricity. 

I repcatftd the above- defcribed experiments 
with this only difference in the difpofition 
of the apparatus, /. e. I laid the eledtric . 
plate D with the excited fealing-wax upon 
the circular tin plate, and the glafs upper- 
moft ; and the difference in their refult was, 
that where the Eledricity had been pofitivein 
the forrner difpofition of the apparatus, it now 
became negative, and vice ver/a; except 
that, when 1 firft laid the eledtric plate upon 
the tin, the eledrometer G diverged with 
negative Electricity as well in this, as in the 
other difppfition of the apparatus. 

I re- 
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I repeated all the above experiments with 
an eledric plate, which befides (he fealiog* 
wax coating on one fide, had a ftrong coat 
of Tarnifh on the other fide, and their refult 
was fimilar to that q£ thofe made with the 
above-Klefcribed plate. 

As to the explanation of thefe experw 
ments, they feem to depend upon thefe 
two well known principles, vm. that a 
body brought within the fphere of adlioa 
of an electrified body, does actually acquire 
the contrary Electricity ; and that the exift-< 
ence of one kind g£ EleClricity upon the 
furface of a fubflance whateyer, caufes the 
cxiflence of the contrary Eledricity upon fbtne 
other fubfl^nce near it 



Cc3 chap; 
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G H A P. V. 

Experiments on Colours. 

HAVI5N G accidentally obferved than an 
eiedric fhock fent over the ftirfacc 
of a card, marked a black flroke upon a 
red fpot of the card, I was from this in- 
duced to try what would be the eflFedt of 
fending (hocks over cards painted with dif- 
ferent water colours ; accordingly, I painted 
fevcral cards with ahnoft every colour I 
had, and fent fliocks * over them, when 
they we^e very dry ; making ufe of the uni- 
verfal difcharger fig. 5, Plate I. The effeds 
were as follow. 

Vermillion was marked with a ftrong 
black track, about one tenth of an inch 
widp. 'This ftroke is generally fmgle as 
rcprefented by A B fig. 7, of Plate III; 
fometimes it is divided in two towards the 

♦ The force generally employed w^s the full charge of 
onefoot and a half of coated glafs, 

mid- 
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middle, like E F; and fometimes, particu- 
larly when the wires are fet very diftant 
from one another^ the ftroke is riot con- 
tinued, but interrupted in the middle, . like 
G H. It often, although not always, hap- 
pens, that the impreffion is marked ftrong* 

• * , 4 h 

er at the extremity of that wire, frota 
which the eleftric fluid iflues, as it ap* 
pears at E, fuppofing that the wife C 
communicates with the pofitive fide of the 
jar; whereas the extremity of the ftrokc^^ 
contiguous to the point of the wire D, is 
neither fd ftrongly marked, nor furrounds 
the wire fo muph 4s the other 'extrtmi-. 

Carmine received a fainf and flefiider iix^^ 

■ ^ '»•■.?■ 

preffion of a purple colour^ 

• . '^ 

Verdigrife was (hook off from the fur- 
face of the Card, except when it had been 
mixed with ftrong gum- water, in whiclicafc 
^^repeiyed ft very faint imprefliQn. 



> • 



t . WUke lead wds' marked' with 4 ftrong 
black ttack, not fd broad as that oa vermil- 
Uon, 

Cc4 Rea 
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Red lead was majdo^d wnk^i^ ^siiekt mark 



much lik^. t2trmioSm 






The otb^*fitoUB8,2 3 trwdUrrwoipe orpi- 

xnaripc, . Pi:*lfliiiJttvi)ltiejr.aqd .ft^4:few,.Dthers» 
which ^"^e «9mp«uQcl^ . of -the .abolre ;/ but 
they reifi^ived. 016 ynpK^n. . 









It having been infinuated ;tha!t,Jt3ie ftrong 
black mark, which yermillion receives from 
the ele^ic ihock^- might pofliUy b« cywiog 
to the gre^t quantity of fulpbur contained 
in that mineral, I was induced to ; make 
the following experiment. I mixed ft>ger . 
ther equal quantities of orpimeQt> i9Qd. 
flower of fulphur, and with this ipixt)ii:c^.^ 
by the help, as ufual, of very diluted guifrH 
water, I painted a card ; but the eleftric 
Ihock fent over 'it, left not thq. kail im- 
preflion. 



I , 



• ■ ■ " ■ 

Defirous of carrying this iftvefHgation qn 
colours a little further, witn a p^rticuiar 
view to determine fomething [Relative to the 

proper-? 
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properties of lamp-black and oil % I pro-* 
cured fome pieces of paper painted on both 
fides with oil colours^ azid fendiag the charge 
of two feet of coated glaft OTcr each of 
them^ by maldtig the . inuni)^^ of the 
circuit upon their fbrfaqes; I dbferved that the 
pieces . of paper paioted with lamp-bla^k, 
Pruflian blue, vermillion, and purplPbrowni 
were torn by the explofioD, but white leady 
Naples yellow, Englifh ochre, and Terdi* 
grife remained linhurt. 

I 

The fame fhock fent over a piece of pa« 
per painted very thickly with lamp-black 
and oil left not the leafl imprefiioa. I fent 
the ihock alfo over a piece of paper un- 
equally painted with purple br<>\vn> -ind the 
pa{!ttr -was torn where the "pajlhc laid ver y^ ■ 
thk^ 4)ut reinained iinhutt- where] the psiint ' 



■ » I . r 



r M. 



*-lt has often been dWerved, that Wfceh the lightening^ 
has (truck the mails of (hips, it has pafled oyor jTuch:. 
parts of the mafts, which were covered ^ith lamp-black 
and tar, or painted with bmp-black and oil, without the 
leali injury, at the fame time ^hat it has Ihivered the un« 
coaited ^rts, in (uch- a manner as to render the mafts ufe- 
lefj^ti > For a pamcmiar aecount.of fuch fads, iep the Phil. 
Traiif. Vol. XLVni and LXyil. 

was 
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was evidently thicker. Thcfe experiments 
I repeated feveral times and with fome 
little variation, which- naturally produced dif- 
ferent efFefts;^ however, they alt feem to 
point out th<h^WfmnJ5^T^r(>p6fitioh. ' 

*k •* ■ • ■ '"i • — • . 

I. A^at of oil jteifft, over any fiibftancc, 
defendsK from the cffedts of fuch an eledtric 
fliock^^ las would bfberwife injure it ; but by 
no m&iOT defends it from any elcdlric fhock 
whatever. II. No one colour feems prefer- 
able to the others, if they are equal in fub- 
ftance, and equally well mixed with oil ; but 
a thick coating does certainly afford a better 
defence, than a thinner one. 

By rubbing the above-mentioned pieces 
of paper, I find that the paper painted with 
Jamp-biack and oil is more eafily excited, 
and acquires a ftronger Eledricity, than the 
papers painted with the other colours ; and 
perhaps on this account it may be, that lamp- 
black ^nd oil might refill the fhock foipe-? 
what better than the other .paints, 

\i is remarkable, that vermillioa receivesi 
the black imprelTion, when painted with lin- 

feed 
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feed oil, neitlf'-i^'frcW as'-w&fen piiiftcfd with 
water. The pajpfer, paiAted -w^ith ^hitftHead 
and oil, received' alfd a t>kck m&rk: butits 
nature is •^erjr ' flftguht. ^ lltie frticfc^ when 
firfl made^ is filfifoft a;8. dktkki that mark* 
ed on tvhhe leadi painted with water, but 
it gradually lofeS*if 8 bfetdcnefB,"^ and in about 
one hour^^ t?fne (err longer, iP the paint Iff not 
frefh) ,' it ippeats wtthotrt any ^daricnefs, ' and 
when the painted ^^papfer is laid itt a- proper 
light, appears? oflly ftiarked with^a coloariefs 
track, as if made by a fingbr-naiL i fciit- 
thefhockalfo bt^er a piece of' boaM, which 
had been palfated with white lead and oil 
about fdur years before, * and the explofion 
marked the black track upon this alfo j this 
track howtever was not fo ftrohgi nor vanifii- 
ed'fe 'foon^as Earmarked' Upon the painted^ 
paper, but in* about twp days time it alib ^*' 
niflied intirdy, ' ^ ^ ':. 



n » 
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CHAP. VI. 

Promijeaous Experiments. 

OBfenring that a.Arong fpark may be 
obtained from the metal plate belong- 
ing to Mr. Volta's macbine, dpfcribed in 
the fourth chapter of this Part, when not 
the leafl fpark can be obtained from the 
eledric plate itfelf^ I was naturally induced 
to make ufe of the above-mentioned metallic 
plate, to difcover the Eledricity of vefy weak 
electrics; which otherwiie would be either 
inobfervable, or fo fmall as not to permit its 
quality to be afceVtained. Accordingly I con- 
flru£ted feveral fuch plates of different fizes, 
beginning from that of a common metal 
button fallened upon a ftick of fealing-waX) 
and by ufing them, I obtain a very fenfible 
Ele£tricity from the hairs of my legs, when 
flroked, and of my head, or any part, thai? ' 
I have tried of my body, or the head of 
alinoft any other perfon. 



In 
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In this manner I obtain fo firoog fparks 
from the back of a cat, a hare's ikin, a 
rabbit's fkin, a piece of flannel, or of paper, 
that I can prefently charge a coated phial 
with either of thofe, and fo ftrongly, as 
to pierce a hole through a card with its 
flifcharge. 

1 have often obfervei that, when ftroking a 
cat with one hand, and holding it with the 
other, I feel frequent fmart pricktings on 
different parts of that hand, which holds 
thfe animal. In thefe circumftances, very 
pungent fparks may be drawn from the 
tips of the ears of the cat. 

Smooth glafs rubbed with a rabbit's fkint 

dry and wartti, acquires, I find, the nega^ 

the lL\t&n(My\ but if the fkin is cold, the 

glafs is^ excited pcJfltiVdy. Sometimes fmodth 

glafs may be excited tiegativety with hew 

white flanad, clean and dfy, and alfo with a 

hare's fkin. ■■'■ ' 

\ ■ ■ ' •• 

Obferving the ftrong eledric power of 
new white flannel, I thought that a piece 
of it, rolled round the globe of an cledricat 

4 ma- 
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machine^ would perhaps :give a ftronger 
£ldM<^ty to the fwime CoflcfiiaDr, than the 
glafs itfelf. In order td try' the truth of my 
fuppofition, I tied a large piece of flahhel, 
dry aiid warm, round the globe bf the ma- 
chine, and for a rubber, 1 applied the palm 
of my hand, then turned the winch, firft 
flowly, and afterwards brilkly; but cori- 
trary to my expedlation, the Eleftricity at 
the prime Condudof^ although pofitive, waS 
fo weak, that the index of "the quadrant 
eleftrometer was not motedfrom its per- 
pendicular fituatibn. Surprifedat this event, 
I refolved to take oflF the apparatus ; but . I 
was more furprifed, when, on removing the 
flannel from the globe, the former appeared 
fo ftrongly pofitive, that it darted feveral 
(parks to my arm, and other contiguous 
bodies, and the latter remained fo ftrongly 
negative, that the eledtrbmeter upon the 
prime Conduftor inftantly elevated its index 
to about 45^^. 'This experiment being feveral 
times repeated, produced always the fame 
effed. 

Having had occafion to coat a ten ounce 
phial, for the Leyden experiment, I ftuck 

the 
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the brafs filings on the iniide .of it;<« with 

■ • 

varniih, agreeable to the diredioM given 
by fome writers on Eledtricity. This 
phial remained about a week unufed^ but 
it happened that whilft I was charging 
and difcharging it for fome experiments, 
on making a difcharge, it exploded with a 
greater noife than ufual, the cork with the 
wire being at the fame time blown, out of 
the neck of it. Being intent upon the 
main experiments in hand I omitted to exa- 
mine this phenomenon; — rl replaced the 
cork into the neck of the phial, and went 
on charging and difcharging it again ; but it 
had not been charged above three or four 
times more, when, on making a difcharge^ 
the varnifh that ftuck the brafs filings, was 
in a flame, which burnt the under fide of 
the cork, and occafioned a good deal of 
fmoke and flame to come out of the phial. 
Some days after, this experiment was re- 
peated in the prefence of three gentlemen, 
well verfed in Electricity, when the cork with 
the wire, was alfo puflied out of the neck 
of the phial ; but the varnifh was this laft 
time fo far burnt, that the brafs filings were 
almoft all dropped to the bottom of the phial, 

I and 
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aod f^ej had their colour dianged by the 

COttlOlwOtU 

In tnaking fbme experimenter of a nature 
rather diffeient from Eledricity^ I acciden- 
tally obfenred, that when I agitated fome 
^uiddilver in a glafs tube hermetically feal- 
edy and in whofe ca^ty the air was very 
much rarefied, the outfide of the tube ap* 
peared fenfibly eledrified; its ElefiTicity 
however was not conftant^ nor, as I firfl: 
thought) in proportion to the agitation of 
the quickfilver. Being defirous of afcertain- 
ing the properties of fuch tubes, I conftrud- 
ed feveral of them, and by means of two 
cork ball eleftrometers, obferved their pro- 
perties ; but as they all agree in regard to the 
chief points, I fliall only defcribe one, which 
is the heft of them. This tube is reprefented 
hy fig. 3» of Plate III. Its length is thirty- 
one inches, and its diameter is little lefs 
than half an inch. The quickfilver in 
it may be about three fourths of an ounce, 
and in order to exhauft it of s^ir, I clofed 
it while the quickfilver was boiling in Its op* 
pofite end. 

Before 
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Before this, tube is ufed, I make it a little 
warm and clean it ; then holding it nearly 
horizontal^ I let the quickfilver in it, run 
from one end of the tube to thet)ther, by 
gently, and alternately elevating and de- 
preffing its extremities. This opcratidn im- 
mediately renders the outfide of the tube 
eledlrical, but with the following remark- 
able property, viz. that end of the tube, 
where the quickfilver adtually ftands, i&pofi- 
trve^ and all the remaining part is ildgative. 
If by elevating this pofitive end of the tube a 
little, 1 let the quickfilver run to the oppofitc 
■ end, which was- negative, then the former 
inftantly becomes negative ; and the latter 
pofitive. The pofitive end has always a 
ftronger Eledricity than the negative; If 
when one end of the tube, for inftance A, 
is pofitive, /. e^ when the quicklilver is in it, 
I do not take off that Ele<3:ricity, by touch- 
ing it ; then on elevating thrs end A, fo 
as to let the quickfilver. run to the oppofitc 
6nd B, it appears negatively electrified in a 
very fmall degree. If by depreffing it again 
it bt rendered pofitive a fecond tittle,' and 
that pofitive Eledricity is neither taken off, 

D d then 
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then on elevating this end A again, it ap* 
pears to be pofitive in a fmall degree : but if 
whilft it is pofitive, its Electricity be taken 
off, then on being elevated, it appears ftrong- 
Jy negative. 

When about two inches of each extremity 
of this tube is coated with tin-foil as it v ap- 
pears in the figure, that coating aflifts to 
reader the Electricities at the extremities of 
the tut|p more confpicupus, fo that foroetimes 
they give fpark« tP a Coodu<ior brought 
near. 

In regard to the conftruCtlon of fuch tubes 
(which I have made of feveral lengths, from 
nine to thirty-one inches) it is obfervable 
that fome will aft very well, while others 
will hardly acquire any Eledtriqity at; all, 
even when they are made very hot, I am 
not yet thoroughly fatisfied in refpedt to this 
difference, but fufpe^l that the thicknefs of 
the glafs is more concerned, than any thing 
clfe, it appearing that a tube, whofe glafs i$ 
about one twentieth of an inch thick, anfwers 
better than either a thicker or a thinner 
one. 

I fhall 
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I ihall laftly fiaifh this Treatife with men- 
tioiiing " two remarkable difcoveries lately 
made in EleSricity, which, as they came 
to my notice after a great part of this work 
had already been printed, could not be con- 
veniently inferted in any other place. The 
firft of thefe difcoveries is of Mr. Koestlin* 
who (as he fays in his Latin Differtation of the 
EflFeds of Eledlricity upon fome organic 
Bodies) has found that both animal and vege- 
table life is retarded by negative eleftrification. 
The other difcovery is of Mr. Aghard, at 
Berlin, who, in the month of January 17761 
obferved, that water froze, to the twentieth 
degree below the freezing point of R E A u M u R 's 
thermometer (which anfwers to the thirteenth 
degree below o of Fa re nh kit's fcale) was 
an eleftric. He tried his experiments in the 
open air where he found that a rod of ice two 
feet long and two inches thick, was a very im- 
perfect Conduftor when Reaumur's thermo- 
meter was at fix degrees below o, and that it 
would not in the lead condpft, when the 
thermometer was at 20°. By whirling a 
fpheroid of ic2 in a proper machine, he 
even eledrified the prime Conductor fo as to 

P d 2 attrad 
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attradt, repel, give fparks, &c. The ice, that 
this gentleman made ufe of, wa8 fi;$e from 
bubbles of air, and quite tranfparent ; to pro-t 
duce which, he ufed to fet a vefTcil^ contain- 
ing diftilled water to be frozbn, upon the 
window of a room, which was rather w^rm 
with refpe<9: to the ambient air, where the 
water began to freeze on one fide of the 
vefTel, while on the other fide it was flill 
liquid. 
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jf IRcondQuki or much rarefied obdrafis excitation , f. 
' a col-rent of it from tlefirified points, 36. ele^ifiedy, 72. - 
eledtrified artificially, 308. receiving a charge, 26$. heat- 
ed by red-hot iron, a condu£ior,^3o6. heated by red-hot 
' glafs a very bad condudor, 307. 

Amalgam dtknbed 9 137, 

jlhimals the efFefts of Eledritity upon them, 36, 37. 61. 86. 

jipparatusy eik^ical defcribed, 129. i6o. 

Attf^ofpherty its Elefiridty, 70. of fmoke, 309. ele^cal, vi- 
£ble in vacuo, 224. 

AtmoJ^hnical^tdin6x.yy 70. el^rometcr, 370. 

AttriUiioH ele£tric, between bodies differently eledrified, 37* 
its caufe, 1 04. 

Aurora hortalis^ an ^lefirical phenomenon, 73. imitated, 222. , 

* 

B 

Battery y eUSricaly 59. its conftrudion, 142. l66. eiperi- 

men ts' performed with it, 291. 
Bells t ilt^ric&tr Z\6. 

Dd3 SUch 
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Black duft raifed from metals by eledrical exploConi. 64# 
Black firokis marked upon colours, 390. 
j?riv/& of electric light, 14. 207. 

C 

Ctf//7/ary /«^^/ electrified, 39* 316. 

Cor^ pierced with the electric explofion, 244* 

Cetmnt for electrical purpofes, 133. 

Charcoal its properties, 9. 

Charging and di/cbarging 'in gtnttsXf 52, 53. 57. aglafsjar, 

175. 228. a battery, 176. other electrics, 271. 
Charged ele3ricSf 52. 55. 

ChhcolaUg its Electricity, 22. its power reftored, 23. 
Circles marked upon metals by electrical exploiions, 66. 299. 

fairy, 297. 
Clouds generally electrified, 72^ their influence upon the kite, 

^366. 
Coatingf 53. glafs 143. a plate of air, 265. other electrici» 

271, 272, 
Cokefeon between electrified bodies of the electrophorus, 384. 
Colours^ prifmatick, marked by electric explofions upon metals, 

6"]. 299. ditto upon glafs, 62. 248. experiments upon, 390* 
Communicated ^tzXixziVj ^ 29. 31. 49* 
Compojitiott for lining glafs globes or cylinders, 134. 
CoudaaaTt prime, 132. 139. luminous, 218. 
Condu^orSf 3. a table of, 8. their nature, IJ9. obflructiog 

the paflage of Electricity, 61. metallic to defend build- 
ings, 76. 
Cup electrified, 312. 
Cj^/0ff> or rubber, 137. 

D 

Di/ea/es cured by Electricity, 90, 
Di/cbarging rod, 146, l68* 

« 

Dujl^ black, raifed from metali by electrical explofions, 64. 

Sartb* 
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Earthquakess thought to be effects of Electricity, 74. imU 
tated, 249. 300. 

Ule^ric atmofphere^ whether it ddes exiil or not, I25. the af- 
fection of bodies immerged in it» 31. 94. does not exclude 
the air> 236. 

EUSiric fluids toi. its nature, 108. its place, i2j. a iingle 
fluid, 226. its courfe ihewn, 238, 239. 241. 249. 252* 

3'3- 
EU^iric lights in vacuO, 2tB. 2 20* 2 22. its'prifmatic colours^ 

i2^. peculiarly penetrating, 21 J. 247. 

EkaricJ^arky 1. 36. fhock, 53. 59. attraction and repulfion, 
37. 164. fly, 169. 275. ftar, I4. aG7, pencil, 14. 207, well, 
190. ^ ' 

EleArical ^ir thermometer, 25$. apparatus, 1^9. battery, 59* 
142. 166. bells, 316. machines, 2. 132. 149. fpider, 31S. 

EU&rtcityy 2. pbfitive or plus, and negative Qf minus, 16. 
102. vitreous, 15. refinous, 16. perpetual, 23. 380. rendered 
more confpicuous by contracting the electrified bodies, 312. 
produced different ways, 20. communicated to conductors, 
31. communicated to electrics, 49. hypothefis of, loi. per<- 
vading the fubftance of Conductors, 311. acquires an im* 
petus, 210. atmofphefical, 76. not confpicuous within the 
cavities of electrified bodies, 127. 190. firitig inflam- 
mable fubftances, 66, 213. 258. melts metals, 62. thecaufe 
of thunder and lightening, 71. promotes vegetation, 38^ 
promotes evaporation and the circulation of the blood, 37^ 
86. negati<ue retards animal and vegetable life, 403. of the 
air,' 72. of the kite, 344. 366. of the cloads, rain, fnow* 
and hail, 72. not produced by fermentation, evaporation 
or coagulation, 96. applied as a remedy for feveral difeafes^ 
%\.diffirent produced by different rubbers^ 16, vindicating, 
327. 

EleSri cities thetwOi 1 1 . their particular appearances, 12, 

ElUtrics 2. a cable of* 5^ become condu^op .when made 

D d 4 ¥ety 
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very hot, 7. 304. 306, their natare, 119. refi nou$ and 
fluid, coated, 271. 

Eli^rometeTt 147. fingle thready 160. pith or cork ball, i6o. 
difchargiDg, 163. quadrant, 161. atmoipherical, 370. for 
the rain, 375. for the pocket, 377. Aandard of that ufed with 

. the eledrical kite, 342. 
, EleSropborusy 380. 

SvaporatioM increafed by Eleflricit/s 38. does tiot produce 
£ledricity9 96. 

Excitation f 2. by rubbing, 20. by heating and cooling, 20. 24. 
by melting, 20, ii . encreaM by the amalgam, 1 37. 

Experiments^ eleQricaU concerning attradion and repuliion, 
179, oneledtric light, 207. with the Leyden phial, 228* 
with other charged electrics, 264. on the influence of 
points, and the ufe of metallic ConduAors, 273. with 
the eledrical battery, 291. promifcuous, 203. with thi 
eledrical kite, 344. with the rain and atmofperical eledro- 
meter, 370. with the electrophorus, 380. on colours, 390^ 



Fairy rings i 297. 

Falling ftart thought to be an Electrical phenomenon, 74. 

Fermentation does not produce Electricity, 96. 

Fire its origin, no. different dates of its exiflence, in, its 

refemblance to the electric fluid, 112. 
Fiji eleSiricaU 169. 275. 
Fogs electrified, 72. flrong Electricity in time of, 374. 

Gla/st the beH for electrical purpofes, 133* (bmetimes^ii con- 

, ductor, 7. 144. globes and cylinders, 133. vefTel exhaufled, 

7. vefTel with the air condenfed, 7. tube 141. exhaufled con* 

ducting tube 220. containing quickfilver, 400. thinneft ac- 

quires the flrongeft charge, 56. 142. 

4 

, Hail 
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H 

Hail electrified^ 7i. ^ ' 

Hypuhtfis of £lectiictC7» i o i • 

Hurricanes thought to be effects of Electricity, 74. 



Ice an electric when fro«c very hard, 403* ' 

Infidate^ 3. the conftruction of ftools to» 170, 
In/ulated metallic rods to attract the Electricity from A)s 
. clouds, 72. 

Kite^ eleSricalf to attract ^e Electricity of the clouds, 72. its 
conftruction, 333. experiments made with it, 344. propo- 
rtions deduced from the ejtperiments made with it, 566. 
conftruction of its ftring, 335. 



Leydenphialt 56. its coating, 143. bodies without the circuit 
effected with the explofion or it, 26. its two fides contrarily 
electrified, 99. its ^ntaneoas di(charge, 142. 179. inca- 
pable of becoming charged when infulated, 231. itsredon« 
dan t Electricity, 529. experiments performed with it, zz%; 
to put into the pocket when charged, 340* 

Ley Jen vacuum f 242*. « 

Lightening, an electrical phenomenon, 71. imitated, 270. its 
effects avoided, ';6, Si. 273* ' ' ' 

Luminous conductor, 218/ 

. - * w , ■ 

- M . 

m 

Machines eh^ical, 2. their conftrnctien in general, 132. the 
defcription of fomis particular ones, 149. for exhibiting 
perpetual Electricity, 380. 

•-V ■ '* • Magneti/m 

1 • ' V 
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Tbrntiir «a electrical yhenOmenOii^ 71* imkatedy 27 Ok 

Thunder-boufes 282. 

TourmaliHi its properties, 24. its properties found in other 

precious Hones, 28* 
Tube glafs, 141. conducting, 220. fpiral, 319. contuning 

qnickiilvery 400. 

V 

« ■ 

Vacimwh 9- 40. Leyden, 249. 

Vtg$iabUi deftroyed by the electrical explofion* $.1. their vege* 

tation jjromoted by eljectrification;.38. their vegetation re- 

Wded by negative electrificationy. 403* 
Fitrtous Electricity, 15. ,:.....; 

w 

.Xr«/^* running from a pipeekqirifiedi 38. Jifiw the tf^iiib 

bleinit9 6i. . :. . 

Wmar^/poutt an dectriea^ phenomenon, 74,- 26)r. itaijMel^ . 

268. 

« 

WilliUaric^ 190. 

fFbir^viittd thought to be an electrical phenomenoe, 74> imi- 
tated, 269. . , 
Wind from electrified points, 36. from excited electrtcs, 40* 
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Prim ctnduatft I3*> iti conftraction, 139. lumiaoHi, ti8, 

R 

Rtdn generElly electrified^ 72, the electrometer for the, 37]* 

J^^^Mt electrical i. 94. iti^caufe, 105. 

.ft^^^jrauBi of the charge, 177. 

Refimous Electricity, i6« 

Rings fairy t 297. 

Rmilir, s. iu coaftraction i^r an electrical machinet 137. for 

aglafttabe, 142. forfealing-waxy&c. 142. difierent Elec^ 
- tricity produced by different, i6. iu Electricity diffisrent 

from that of the electric, !{« 
RmIh, practical, 171. 

8 

SabeJ fttiog for the kite, 337. threads for electiometerf, i6f • 

Simlimi-wmx excited by melting, 22. 

Sbtk^ electric, 59. weakened by the length of the coadactOTf 
6o. deftroying animal and vegetable life, 61. melting ibetabf 
62. calcines metals, and revivifies their calces, 64. acting 
}Skc a phlogiilic prbceft open different kinds of air, 68. 
given to one or more perfons, 229. imall ones are befter 
for pkyfica! porpofes, 288. 

Smw electrified, 72. 

Spmri^ electric, 2io* iu effects upon an animal body, 36. 
Aofter and ftronger from charged electrics than from elec- 
trified Condnctors, 58. vifible in water, 61 • 253. difplacea 
and rarefies the air, 255. 

Jf/fii^ electric 318. 

SiMT^ dcctric, i^fmllimg thought to be an electrical pheno- 

»asom74- 
SJf im' txaxtA by ndtbg, 21, 22. 

T 
fitmj of Electfkaty, 98^ 

a nwmtM 
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Tourmalin, its properties, 24. its properties found in other 

precious Hones, 28* 
Tu6e glaTs, 141. conducting, 220. ipira]> 319. containing 

quickiilver, 400. 

V 

Vnamm 9. 40. Leyden, 249. 

Vig$tablu deftroyed by the electrical explofion, $i. their vege* 

cation jjromoted by electrification; 38. their vegetadob re- 

Wded by negative electrificationy 403. 
/7/r^0ir/ Electricity, 15. .;,....; 

W 

.^«/^' running from a pipeelectrifiedi 38. Jifiw the tfvikiiii^ 
blein it, 6i. . 1. . . . 

Wmitr'/poutt an dectrical phenomenon, 74," %6i* staijMei^ . 
268. 

Williharic^ 190. 

fFkixiviittd thought to be an electrical phenomenoa, 74> imi- 
tated, 269, . ^ 

Wind from electrified points, 36. from excited dectrtcs, 40. 
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Tourmalin^ its properties ^ 24. its properties found in other 
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Tube glaTsy 141. conducting, 220. fpira]> 319. containing 
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Faamm^ 9. 40. Leyden, 249. 

Vig$taUii deftroyed by the electrical expIofion» 61 • their vege* 
tation promoted by electrification; 38. their vegetidota re- 
Wded by negative electrification, 403. 
^/r^0ir/ Electricity, 15. 
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.Xr«/^* running from a pipeekotrified, 38. Jifiw the tf^iiib 
blein it, 6i. 
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Page iB. I. 


20. for the different naJ different 


'• /" . 


152. 1. 


9. /br flcrewed reaJ fcrewcd 


f 
_ * 


154. J. 


21. /or plate 2. read Plate IL .,, 




184. 1. 


i./(>r G readH. ': 


242. ]. 


23 • /«r puthe read ap the 




257. 1. 


lb. ybr as for inftance read for inflance 


• / 


264. 1. 


14. y^r other electrics r^iii/ other charged 


■'. ; 




electrics 




267. 1. 


7, yir preffes read paffes 


:'U 


271. 1. 


19. y^r to infulate fluid electrics read to coat 






fluid electrics 


- • .. 


276. 1. 


2 1 . /or and even read bat even 


341. 1. 


iS, /or the rMi that 




366. 1. 


8. /or clouds generally rz/su/ clouds, if it does 


^•V 




rain, not generally 
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Publilhed by Edward and Charles Dill*. 

!• An Essay towards a Syftem of MiNEiiiALocv : 
By Axel Frederic Crowstedt. Tranflated from 
the original Swedilh, with Notes by Gudavon £n- 
geftrotn. To whivh is added, a Treatife on the Pocket 
Laboratory, containing an eafy Method, ufed by the 
Author, for trying Mineral Bodies ; written by the 
Tranflator. The whole revifed and correfted, with 
fome additional Notes, by Emanuel Menpes Da 
Costa. The Second Edition, to which is added ah 
Appendix, in One Volume 8vo, price bound 6s. 

II. An Eafy Mithod of Assaying and Classing 
Mineral Substances, containing plain and eafy In- 
firu£tions for any Perfon to examine the Produdsof his 
own Land, or fuch as are obvious in Excurfions or 
Travels in foreign Countries, without having a complete 
chemical Apparatus. To which is added, a Series of 
Experiments on the Fluor Spatofus, or Sparry Fluor j 
^bftradted from the Memoirs of the Royal Swedifli Aca- 
demy of Sciences for the Year 1771. By John Rein- 
HOLD FoRSTER, LL.D. and F. R. S, price is. 6d. 
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